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REPORT OF COUNCIL, 1950 


A meeting of the Council of the Entomological Society of Ontario was held in the Faculty 
Lounge, Ontario Agricultural College, 31 October at 7:30 P.M. 


Present: Mr. W. N. Keenan, President; Dr..W. R. Thompson, Editor; Messrs. R. E. Balch, 
A. W. Farstad, C. A. S. Smith, A. W. Baker, B. N. Smallman, J. Rempel, A. B. Baird; and 
by invitation, Dr. R. Glen and Dr. A. P. Arnason. 


Financial Statement: The financial statement was read by the Secretary-Treasurer, who, 
on the motion of Prof. Baker and Dr. Rempel, was instructed to show at the bottom of the 
statement as an outstanding ccmmitment the cost of publishing the remaining five numbers 
of the 1949-50 volume of the journal, the cost to be based on the average cost of the numbers 
published in the current fiscal year. 


Commercial Exhibits: ‘The Council approved commercial exhibits at the annual meetings, 
but details, including charges, if any, for exhibit space were left to the discretion of the local 
committee in charge. 


The Entomological Society of Canada: Mr. Ross outlined the developments and progress 
to date in connection with the formation of the national entomological society, and suggested 
that such a society should be created without undue delay. Its chief functions should be: 

(1) to publish The Canadian Entomologist jointly with the Entomological Society of Ontario; 

(2) to serve as a national society and as the parent association of, or as the link between, 
the other entomological societies in Canada. It was stressed that each regional society 
would be autonomous, could publish its own publication or annual report, and would 
not lose its identity; 

(3) to encourage the organization of additional provincial or regional entomological societies 
in Canada; 

(4) that the annual meeting of the Entomological Society of Canada should always be held 
jointly with the annual meeting of one of the regional societies; 

(5) that the fee for 1951 shall be $4.00 for direct membership, and $3.00 for members of a 
regional society; 

(6) that the Entomological Society of Ontario should hereafter operate as a regional society; 

(7) that the Entomologicai Society of Ontario should be jointly responsible with the Ento- 
mological Society of Canada for the publication of The Canadian Entomologist. (The 
Entomological Society of Ontario founded The Canadian Entomologist and has been 
responsible for its publication for eighty-one years.) 

(8) that the Entomological Society of Ontario should continue to issue the Annual Report 
of the Entomological Society of Ontario. This Report, which is published by the Ontario 
Department of Agriculture, serves as a valuable outlet for entomological papers; 

(9) that the library of the Entomological Society of Ontario should be available to all mem- 
bers of the Entomological Society of Canada, but that it should remain at Guelph, as the 
property of the Entomological Society of Ontario; that publications received in exchange 
for The Canadian Entomologist should be filed as in the past, in the library of the 
Entomological Society of Ontario. 

A formal motion that the national society be formed, and that a Board of Directors should 
consist of nine individuals representative of the membership in Canada and including the 
president or other elected representative of each regional society, was approved. 

It was decided to hold the 1951 annual meeting in Ottawa early in November, in con- 
junction with the first meeting of the Entomological Society of ‘Canada. 


R. H. OzBurn 


Secretary-Treasurer 
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USE OF RADIO-ACTIVE TRACERS IN INVESTIGATIONS ON 
SOIL-INHABITING INSECTS’ 


R. A. FULLER’, J. W. T. Spinks’, A. P. ARNASON*, and H. McDONALD’ 
Dominion Entomological Laboratory and University of Saskatchewan 
Saskatoon, Sask. 


INTRODUCTION 


The use of radio-active isotopes in bicchemical and physiological research for the tagging of 
molecules is now well known and widely employed. However, many of these newly available 
nuclides can also be used to advantage in determining the positions and tracing the movements 
of whole animals. By attaching harmless amounts of radio-active materials to animals, many 
types of ecological and behaviour studies can be carried out. 


Two types of experiment in which whole animals are tagged should be distinguished. In 
the first, large numbers of an animal population are marked and released for subsequent re- 
cognition, as in insect dispersal studies. In the second, individual animals such as insects are 
tagged in order to follow their movements under natural conditions. 


The choice of the isotope to be used depends upon which of these types of study is to be 
carried out. In the first case the following points should be considered: (a) ease of application 
to large populations; (b) minimal manipulation, preferably none at all; (c) ease of recognition 
of marked specimens (even without killing them when this is desired); (d) certainty of per- 
sistence of marking throughout the life of the animal; and (e) freedom from deleterious bio- 
logical influences. 


In this paper, we are concerned with the second type of study, and here two considerations 
are of primary importance: (a) the distance at which a given tag can be reliably detected by 
available instruments and (b) the maximum permissible radioactivity that may be applied 
without any danger of radiation injury either to the tagged animal or the experimenter. 


For either type of study it is obvious that the half-life of the isotope is an important consid- 
eration (the half-life is the time it takes for the activity of a given amount of radio-active 
material to decrease to one-half of its original value). When the half-life is short, the per- 
missible amount of initial radio-activity is greater, together with the practical range of detection. 
In addition, the shorter the half-life, the safer is the isotope for this type of work, because it 
will become harmless sooner no matter where it is carried. 


The work to be described in this paper was begun at the Dominion Entomological Labor- 
atory at Saskatoon and was then organized as a co-operative project between Science Service, 
Canada Department of Agriculture, and the Department of Chemistry of the University of 
Saskatchewan, with a special financial contribution for this purpose from the Department of 
Agriculture. Radio-active Co® was chosen for the work because its comparatively high- 
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1Contribution No. 2770, Division of Entomology, Science Service, Department of Agriculture, 
Ottawa, Canada; in co-operation with the Department of Chemistry, University of Saskatchewan. 
Presented as an invitation paper at the 8Ist Annual Meeting of the Entomological Society of 
Ontario, November 1, 1950. 

2Agricultural Research Officer, Dominion Entomological Laboratory, Saskatoon. 

8Head, Department of Chemistry, University of Saskatchewan. 

4Officer-in-Charge, Dominion Entomological Laboratory, Saskatoon. 

5Agricultural Research Officer, Dominion Entomological Laboratory, Saskatoon. 
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energy gamma radiation makes detection possible through several inches of soil and because its 
long half-life minimizes corrections for decay. The insects studied were slow-moving and un- 
likely to be lost under the experimental conditions used, so that an isotope with a long half- 
life could be employed without much danger. The radioactive cobalt was obtained in the form 
of small pieces of wire, 1.0 mm. in length, 0.250 mm. in diameter, and 0.5 mg. in weight. Each 
of the 30 pieces used had an initial activity of about 0.022 millicuries. 


Three species of soil-inhabiting insects have been studied with Co® tags. The larvae of the 
prairie grain wireworm, Ctenicera aeripennis destructor (Brown); the red-backed -cutworm, 
Euxoa ochrogaster (Guen.); and the pale western cutworm, Agrotis orthogonia (Morr.), spend 
a great deal of their time beneath the soil surface. In fact, the wireworms almost never appear 
above the soil surface and the cutworms surface only at infrequent intervals. Radio-active 
tagging of these insects offers a means of studying their behaviour while in the soil. 


METHODS OF STUDY 


Because the method of applying the radioactive material to the test insect is the first pro- 
blem in such a study and because it has resulted in some interesting observations, it is well to 
discuss this problem briefly. Feeding activity to the larvae as a means of making them radio- 
active is not feasible for many reasons, so that the radio-active cobalt tag has been applied in 
two ways: by external attachment and by internal insertion. 


Wireworms were the first insects to be studied, and a great many materials were tested for 
attaching radio-active cobalt wire pieces to them. The cobalt was placed in the caudal notch 
of the larvae and attachment was made to the ninth segment and the urogomphi. A fast-. 
drying, acetone-soluble cement was found to be most satisfactory for this purpose. A small 
drop of the cement was placed on the urogomphi and the ninth segment. Before the cement 
had completely dried the cobalt piece was placed on it. With a camel’s-hair brush dipped in 
acetone, the metal was arranged so as not to protrude and the cement was smoothed out. 
Only on infrequent occasions did larvae treated in this way lose their tags without moulting. 


The larvae were watched for any effects of the radiation or of the methods used in attaching 
the cobalt. The activity (0.022 mc.) had little, if any, effect on larvae that had activity at- 
tached to them for periods up to three months. Some of the treated larvae died, but in no 
higher numbers than normally reared laboratory specimens. 


Most of the larvae treated externally with radio-cobalt were reared until they shed the 
activity by moulting. Many of these, after moulting, showed the absence of the urogomphi as 
recognizable structures. Some grooves were apparent in the ninth segment as if the urogomphi 
had been incorporated into it. Rearing of these larvae has been continued and recently a few 
specimens have again moulted. The urogomphi have not reappeared in any of the specimens 
so far. 


Inactive wire was attached with the same cement to a series of ten larvae to study the effect 
it may have when the larvae moult. Four of the larvae have moulted and none has lost the 
urogomphi. More results are necessary before it will be established whether the loss of the 
urogomphi is due to effects of the radio-activity or to a mechanical blocking of the moulting 
process. 


External application is suitable only between moults, for the activity is shed at each ecdysis. 
To avoid this loss of activity at each moult and thus permit observations over an. extended 
period, experiments were carried out to investigate the possibility of inserting cobalt wire into 
the body cavity of the larvae. Before the wire was available from Chalk River, both silvei 
and platinum wire (non-radio-active) were used to see whether the surgical shock or presence 
of the foreign body would be lethal. 
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There was a high survival rate in these experiments; and it was therefore assumed that, 
provided the insertion was done properly, the treated larvae could survive. The surviving 
larvae, with very few exceptions, showed little restriction of movement or other abnormal 
behaviour. At the moult after the insertion, some died as a result of interference with the 
moulting process, and some of those successful in moulting developed an out-pouching of the 
exoskeleton at the pdint of insertion. 


This insertion-type of experiment was repeated with radio-active cobalt wire, with very 
different results. One hundred per cent mortality of treated larvae resulted in three to five 
days after treatment. Similar results were obtained with inactive Co”, suggesting that the 
cobalt itself and not the radio-activity was the Iethal agent. 


The larvae killed by radio-active cobalt insertions were examined, and all parts of the body 
were highly radio-active, indicating that some of the cobalt had been dissolved and distributed. 
Silver-plated cobalt pieces were also lethal on insertion, although the time taken for the larvae 
to succumb was increased up to as long as two weeks. 


Cutworm larvae, which are much fleshier than wireworms, were easier to treat by the in- 
sertion process. In contrast with the high mortality occurring among wireworm larvae, cut- 
worms suivived the insertions of Co® wire pieces into the body cavity. A very small percentage 
of the larvae treated did succumb, however, with symptoms resembling those of the killed wire- 
worms. The fecal matter from these larvae was very radio-active. ‘The remains of these larvae, 
after removal of the cobalt wire, showed a high radio-active content distributed throughout the 
‘body. This was very unlike the condition in surviving larvae, whose fecal matter contained 
only very small traces of activity and whose remains were only slightly, if at all, radioactive. 


Where death occurred after wire insertions it was attributed to puncture of the digestive 
tract; this allowed the digestive fluids to dissolve the cobalt, which was then distributed 
throughout the body, causing cobalt poisoning. In the successful insertions the metal apparently 
did not come into contact with digestive fluids, so that it was not dissolved and the larvae sur- 
vived. ‘This mechanism would also explain the lethality to wireworms, whose bodies are so 
small that it is difficult to imagine an insertion not coming in contact with some portion of 
the digestive tract. 


This theory was further substantiated by information obtained during tracing experiments 
with radio-active cutworm larvae. Cannibalism took place in one of the observation cages. 
There was no doubt that the cannibalistic cutworm had the active cobalt in contact with 
digestive fluids. The larva showed a high concentration of activity distributed throughout 
the body. The fecal matter was highly radio-active. To check on whether a larva with cobalt 
in the digestive tract could survive, cannibalism was induced in the laboratory and then the 
surviving larvae were reared normally. Cutworms that devoured their radio-active neighbours 
died within three days and showed a high radio-active content in all parts of the body. 


Once the larvae were tagged externally or internally, depending on the species used, the 
next problem was detection of the tag. For this purpose a Mains Geiger and Scintillation Probe 
Monitor was used (Fig. 1). This instrument is a transportable, mains-operated instrument 
capable of measuring low values of alpha, beta, and gamma radiation with the probe at dis- 
tances up to 100 feet from the counting rate meter. The probe is an end-on beta-gamma 
counter tube completely enclosed in brass with the exception of the mica window, which was 
protected with a wire mesh screen. Five counting ranges, from 200 to 20,000 counts per 
minute, are available. 


The directional properties of this counter were investigated by burying a piece of Co” 
under a certain depth of soil and determining the counting rate at various positions just above 
the soil surface. The data presented in Table I show that location to within a quarter of an 
inch (in the horizontal plane) is possible at soil depths up to five inches; at greater depths 
than this the accuracy begins to fall off. 
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Fig. 1. Counting rate meter and Geiger probe in position to take a reading on the lid of the 
experimental -chamber. This lid has a grid marked on it so that the position of the probe may be 
determined. 


TABLE I 
VARIATION IN COUNTING RATE WITH POSITION OF 
GEIGER PROBE 


PROBE POSITION COUNTS PER MINUTE 

Distance (in inches) horizontally Co® in fixed position Co™ in fixed position 
from position of probe when under 21% in. of soil under 5 in. of soil 
directly over the cobalt piece 

0 15,250 4,000 

4 15,000 3,900 

Vy 14,500 3,750 

YA 13,250 3,600 

1 125250) s 3,500 

2 11,000 3,150 

3 6,500 2,700 


Before the cobalt pieces could be attached to the larvae, it was necessary to determine the 
effects of various depths of soil on the counting rate. A plastic cylinder 12 inches high, marked 
at intervals of one-quarter of an inch, was used for this purpose (Fig. 2). A sleeve made to 
fit over the counter had just the same diameter as the inside of the cylinder. Two metal rods 
held by set-screws to a metal lip on the top of the cylinder supported the counter sleeve. By 
this means the counter could be set at any desired level. 
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Fig. 2. Calibration apparatus: 2'% inches of soil covers Co® sample at the bottom of the plastic 
cylinder; attached to the bottom of the probe is a circular disc of the same materials as the lid 
of the temperature gradient apparatus. 


The Co” sample was attached to a small plastic card and placed at the bottom of the 
cylinder. Various depths of soil were introduced and the counter was set at the desired level. 
Circular discs constructed of materials similar to those used on the lids of the containers were 
fastened to the end of the counter, to observe their effect on the absorption of the radiations. 
By this means, the variation in counting rate with soil depth was determined for each piece 
of cobalt. Unfortunately, although an effort was made to have the cobalt pieces made all of 
the same radio-active strength, there were considerable variations. A typical result for one 
such piece of Co® wire is plotted in Fig. 3. Since the decay of cobalt® takes such a long time; 
recalibration is not necessary more than once every five or six months. 


The effect of soil density on the decrease in counting rate was also investigated. Soils of 
densities of from 0.23 to 0.43 grams per cubic inch were used, and the results are indicated in 
Fig. 3. The only effect of a change in moisture content appeared to be from the change in 


soil density it brought about. The plastic container used in calibration was shown to have no 
effect on the counting rate. 


For soil densities between 0.25 and 0.35 grams per cubic inch, and moisture contents be- 
tween six and 16 per cent, the counting rates agreed sufficiently for a given soil depth to 
measure that depth within a quarter of an inch. The Elstow silty clay loam used in all ex- 
periments with the larvae was always within the range outlined above, so that depths were 
determined by means of graphs such as those in Fig. 3. 


In detecting a larva tagged with Co, the brass-encased Geiger tube was moved over the 


im 


lid of the experimental container until the maximum count was recorded on the counting rate 
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meter. When this was obtained, the larva had been located in the horizontal plane. By re- 
cording the value of this count and referring to the graphs drawn up as described above, the 
depth, or vertical location, of the larva could be determined. 


COUNTS PER 
MINUTE 


20,000 


10,000 


5 ,OOOF 


4,000 


1 2 3 4 5 6 7 
THICKNESS OF AIR OR SOIL, INCHES 


Fig. 3. Curves showing absorption of gamma-rays from Co” by various thicknesses of soils of 


different density as compared with air. The values of p (density) are given in grams per cubic inch. 


A check on the accuracy of location was obtained by employing the method of Thorpe 
et al. (1) to follow the movement of an individual larva. A tagged larva was confined between 
glass plates separated by just enough moist sand to enable it to crawl. The plates were then 
buried four inches in the soil, and the position of the larva was determined every five or ten 
minutes by Geiger counter readings. The plot obtained from these radio-active locations was 
compared with the actual path traced by the wireworm in the sand between the glass plates. 
The correlation was found to be very good. 
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Fig. 4. Movement at a larva of Ctenicera aeripennis destructor (Brown) in relation to a soil 
moisture boundary: diagram of movement in the horizontal plane. The circles represent the 


positions of the larva at consecutive readings, and the arrows indicate the direction of movement. 
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EXPERIMENTS WITH WIREWORMS 


A description of some of the studies carried out with the tagged insect larvae will illustrate 
the use of the method and the type of information that may be obtained. To study some 
effects of temperature on wireworms, a temperature gradient apparatus was constructed; this 
consisted of a wooden box separated from a galvanized iron container 74 in.x 12 in. x8 in. by 
three inches of rock wool insulation. At both ends of the metal container, there were 12-inch 
compartments which served as temperature baths; one was maintained at 32°F., the other at 
120°F. The wooden lid had a grid-in order that the position of the Geiger probe could be 
determined. Temperature and moisture conditions were recorded by fiberglas soil moisture 
units® placed in the soil at intervals along the container. 


The paths of larvae placed in the hotter regions of the box were determined. A larva was 
located by the detection technique described, and continuous readings of position were taken 
until the larva remained in the same position for several consecutive readings. The larva was 
allowed to remain in the soil for several hours after the last consecutive reading to see whether 
it would change its position. A few observations were also made on larvae placed in the box 
at temperatures below 55°F. The data obtained indicate that larvae of C. aeripennis destructor 
dislike temperatures above 90°F. and show a rapid rate of movement at these temperatures. In 
the only two cases in which the larvae failed to move from temperatures over 90°, they were 
dead when removed. In the 80° to 90° region, movement slowed down, and apparently the 
conditions were more tolerable. However, the preferendum appears to be somewhere in the 
range of 72° to-76°F. Larvae placed in the region below 55°F. generally remained there 
although two exceptions were observed. 


Some observations on the moisture preferences of wireworms were made. Larvae were 
observed in choice chambers where they were offered alternative soil moisture conditions, 
namely, moisture contents of six to eight per cent and of 12 to 18 per cent in the various 
experiments. A typical result is shown in Fig. 4. Here the larva was placed in the dry side, 
but, on reaching the wet side, entered, and did not leave it. Although depth of location is 
not indicated in the diagram, it is interesting to note that on reaching the moisture interface 
the larva moved down to the bottom of the container and up again, before crawling along the 
boundary and eventually returning to the wet region. Apparently the drier soil repels the 
larvae, for in several observations the larvae did not leave the wet region whether they had 
been placed there originally or had moved there after being placed in the dry side. Once or 
twice a larva just penetrated the drier region but returned immediately. However, if a potato 
piece was placed in the dry soil region about four inches from the boundary, the larva some- 
times left the wet region. The results, in general, agree with the information obtained by 
Lees (2) for Agriotes sp. using the glass plate apparatus. Here, however, the observations have 
the advantage that they are three-dimensional in character and the vertical movements can 
also be studied. 


Several paths of wireworm larvae seeking food were obtained. Potato pieces, which are 
readily attacked by wireworms, were used to see whether the finding of food is a matter of 
random searching or a directional response to a stimulus. Both the rates and routes of travel 
for different larvae under approximately the same conditions vary immensely. The. larvae were 
placed about 15 inches from the potato pieces. One larva required only 12 hours to reach the 
potato piece; others as much as three days; still others did not locate the potato piece. 


During these investigations, some observations on the rate of movement of the larvae 
through soil were made. One larva moved at the rate of six inches in ten minutes in one of 
the moisture choice chambers. Other larvae moved as much as ten or 12 feet in several hours. 
Previously, no direct method of measuring the rate of movement of the larvae under normal 
circumstances was available. 


6Manufactured by Berkeley Scientific Company, Richmond, California. 
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EXPERIMENTS WITH CUTWORMS 


Radio-active cutworms were used in an effort to determine the fate of larvae placed in 
open-top experimental cages one twenty-thousandth of an acre in area. ‘These cages were 
circular galvanized iron bands about 20 inches in diameter pushed into the soil sufficiently 
far that it was assumed larvae would not or could not escape by crawling over or under the 
bands. Regardless of the study (behaviour, bait, or dust treatments), fewer larvae could be 
recovered within one or more days than were put into the cage. Through the use of radio- 
active cutworms in greenhouse and outdoor experiments it was established that cannibalism, 
rapid decay after death, and the ability to escape from these cages all helped to account for 
the loss of specimens. 


Studies initiated on the diurnal and nocturnal movements of red-backed cutworm larvae 
indicated that valuable information on underground habits of the larvae could be obtained by 
this method. Before observations were completed, these had to be discontinued because of 
mortality among the larvae, possibly caused by disease. 


SUMMARY 


Three species of soil-inhabiting insects were tagged with radiocobalt to study their under- 
ground movements, the method of tagging depending on the species. The position of tagged 
soil insects may be located, at depths up to five inches, to within a quarter of an inch in both 
vertical and horizontal planes. 


Some observations on the response of the prairie grain wireworm, Ctenicera aeripennis de- 
structor (Brown), to moisture, food, and temperature were made and information on the rate 
of movement has been obtained. Radio-active larvae of the red-backed cutworm, Euxoa 
ochrogaster (Guen.), were used to determine the fate and underground activity of larvae 
placed in open-top cages utilized for chemical control studies and observations on habits of 
the larvae. 


This method permits observations, heretofore impossible, on the behaviour of soil-inhabiting 
insects in their normal habitat. It is hoped that this brief outline of the work done to date 
will give some idea of the possible usefulness of the method. 
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DISCUSSION 


A. S. West: Has any consideration been given to using an isotopic solution and injecting 
a larva? 


R. A. FuLiLer: Our objection to doing this is the difficulty in getting an isotope that they 
won't excrete. If they excrete the material we will have radiations coming from it. ‘That 
is also one of the reasons why the feeding of isotopic solutions to larvae is not promising. 


F. O. Morrison: Another radioactive technique: a Dr. LaLonde working on human histology 
is working with radioactivity at McGill and has developed a technique, a sort of radio- 
autograph business. He paints a sensitized film right on to the slide of human tissue. 
Using normal emulsions he can get down to a resolution of 2—3 microns; i.e. he can 
practically tell what cell the radioactivity is in. 
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MECHANIZATION OF ORCHARD SPRAYING IN 
BRITISH COLUMBIA‘ 


J. MARSHALL’ 


Dominion Entomological Laboratory, ‘Summerland, B.C. 


The hope that hand-spraying might scon be eliminated from British Columbia orchards 
arose in 1945, when it became evident that exceedingly heavy spray coverage was no longer 
necessary for control of the codling moth,Carpocapsa pomonella (L.). At relatively low con- 
tentration DDT had proved outstandingly effective in combating that most troublesome pest 
of the semi-arid fruit-growing valleys. The introduction to a recently published article (1) 
traced the development of automatic concentrate spraying from the time it was merely an idea 
until its commercial adoption. The present account, which takes into consideration progress 
in orchard spraying practice during 1950, concludes with a brief discussion of ways in which 
the new spraying procedure may possibly be improved. 


The fruit growers of British Columbia, operating some 40,000 acres of orchard land, have 
quickly adopted the concentrate orchard sprayer. In 1948 about five per cent of the tree- 
fruit acreage was sprayed by these machines. A vear later there was an increase to 20 per cent, 
and by the end of the 1950 season approximately 75 per cent of the spraying had been done 
by concentrate applicators. Within another year few conventional gun-type machines will be 
left in operation, except perhaps for blossom thinning. 


Control of all the major orchard pests listed herewith has been satisfactorily accomplished 
by properly designed and properly operated concentrate sprayers: codling moth, Carpocapsa 
pomonella (L.); tarnished plant bug, Lygus oblineatus (Say); black cherry aphid, Myzus cerasi 
(F.); woolly apple aphid, Eriosoma lanigerum (Hausm.); green apple aphid, Aphis pomi DeG.; 
mealy plum aphid,Hyalopterus arundinis (F.); pear psylla, Psylla pyricola Foerst.; Sari Jose 
scale, Aspidiotus perniciosus Comst.; peach twig borer, Anarsia lineatella Zell.; European red 
mite, Metatetranychus ulmi (Koch); Pacific mite, Tetranychus pacificus McG.; two-spotted 
spider mite, Tetranychus bimaculatus Harvey; and Willamette mite, Tetranychus flavus Ewing. 
According to E. C. Hunt, District Horticulturist, Nelson, B.C., over a-two-year period apple 
scab control by concentrate sprayer has been comparable to that obtained by growers with 
conventional equipment. With few exceptions, growers’ experiences in areas of scab incidence 
have confirmed his conclusions. 


An interesting but not surprising result in scab control has been that lime-sulphur applied 
as a foliage spray at ten per cent to 25 per cent concentration by the new sprayers has caused 
less injury than when applied at two per cent by hand gun. Apart from the acute type of 
injury that it may cause in hot weather, lime-sulphur is most likely to be phytotoxic when spray 
droplets dry slowly under conditions of high humidity; concentration of the spray solution 
seems to be relatively unimportant within the limits mentioned. The fine dreplets deposited 
by a concentrate sprayer do little more than slightly moisten the foliage; hence they dry 
more rapidly than the much larger ones resulting from hand application. It seems probable, 
therefore, that concentrate sprayers will help measurably to lessen foliage and fruit injury 
from lime-sulphur. For growers who operate in areas troubled by apple scab this would be 
a welcome result because lime-sulphur combines high fungicidal effectiveness with low cost. 


During 1949 and 1950 experiments carried out by provincial and federal agencies and by 
growers have given some evidence that the hydraulic type of concentrate sprayer may be 
suitable for applying chemical thinning agents. Best results appear to have been obtained 


1Contribution No. 2753, Division of Entomology, Science Service, Department of Agriculture, 
Ottawa, Canada. Presented as an invitation paper at the 8Ist Annual Meeting of the Entomological 
Society of Ontario. November 3, 1950. 


2O fficer-in-Charge. 
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with formulations that differed in kind as well as in concentration and in quantity from 
those applied by hand gun. The practice of chemical thinning is yearly becoming more com- 
mon in British Columbia, and, an this spraying operation too, a substantial reduction in 
labour overhead would help to lower the cost of apple production. 


The new organic insecticides and acaricides have led to the development of the concentrate 
sprayer, and these compounds, together with the new machines, have reduced the cost of pest 
control in British Columbia orchards by over 50 per cent. In 1944, prior to the general use 
of DDT, most growers applied by hand gun a dormant spray and six summer sprays; now 
most of them apply by automatic concentrate sprayer a dormant spray and three summer 


sprays. 


Compared with hand application, automatic application saves about 75 per cent of labour 
cost, about 50 per cent of dormant spray materials, and about 20 per cent of summer spray 
materials. On the basis of one dormant application and three foliage applications, savings 
average approximately $9 per acre on materials and $16 on labour. Apart from that, a con- 
centrate applicator costing about $2,000 is capable of spraying 60 to 80 acres if operated ten 
hours per day. A conventional gun-type machine costing about $1,500 takes care of 20 to 30 ° 
acres. There is, therefore, a saving in capital investment of about $40 per acre. Finally, the 
concentrate sprayer has brought automatic spraying to large and small operators alike, regard- 
less of the size of their tractors or the topography of their orchards. That means emancipation 
from one of the most unpleasant and most heartily disliked jobs in agriculture. For the 
majority of British Columbia growers spraying is no longer a matter of wet feet, smarting 
eyes, wry neck, and great resignation. It is an easy job at which, if necessary, the protection 
of a respirator may be maintained in relative comfort. 


Reflecting the new method of orchard spraying, a significant change is being made in the 
official spray chart for tree fruits. The type of spray formulation in use for nearly half a 
century is no longer adequate and must be supplemented by another applicable to concentrate 
spraying. Pounds, pints, and gallons per 100 gallons of spray mixture are about to be super- 
seded by pounds, pints, and gallons per acre. 


The principles of concentrate spraying are now fairly well established in British Columbia. 
An application of 75 to 100 imperial gallons per acre is recommended for mature trees. 
Approximately 30 minutes is required to treat an acre, with a pump output of 2.5 to 3.3 
gallons per minute. In spraying mature trees in rows 30 to 35 feet apart a tractor speed of one 
mile per hour is necessary; if the trees are 25 feet apart, 1.5 miles per hour; and if 15 to 
20 feet apart, two miles per hour. ‘Tree spacing within rows has no bearing on rate of travel. 


Not all types of machines available in 1950 for applying concentrate sprays proved capable 
of doing good work. With equipment so recently developed that is to be expected. In the urge 
to take advantage of active demand there was a tendency to market untried sprayers. The 
best of the concentrate applicators, however, are built for continuous operation and_ they 
apply toxicants with the necessary uniformity. In inferior equipment, the most serious short 
coming has generally been its failure to provide sufficient spray coverage in the tree tops. 
A good machine operating among dormant trees 20 feet high should apply about 80 per cent 
as much spray material to the topmost branches as to the lower ones. Among well-pruned trees 
in full foliage it should apply at least 40 per cent as much. These values, somewhat lower than 
are ordinarily obtained from conventional hand spraying, are more than balanced by the 
high depositing efficiency of the concentrate sprayer. Even in midsummer, tree-top deposits 
should be considerably greater than from hand spraying with the same dosage of toxicant per 
acre. In that connection here is a point that merits careful examination. Despite higher de- 
posits, concentrate spraying has not provided better pest control than careful hand spraying. 
Presumably the physical condition of the concentrate deposit is inferior. If that is so, it may 
be possible to improve the efficiency of the concentrate applicator by attention to the liquid 
spray formulation. 
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Further investigations On concentrate sprayers and spray formulations can be_ profitably 
directed along several lines. The Fruit Insects Laboratory at Summerland is continuing such 
work as a major project, the scope of which is indicated below:— 


1. Nozzles: Comparison of fan, cyclone hellow cone, impinging jet, and venturi types. 
Elimination of faulty application caused by nozzle abrasion. (This has been one of the chief 
problems in the operation of hydraulic concentrate sprayers, but an investigation that is on 
the point of completion at Summerland appears to have solved it.) 


2. Airstream: Comparison of air velocities between 50 and 150 miles per hour as to effects 
on drop size, foliage penetration, and spray deposition. Effect of air volume on the same 
spray-fog characteristics. 


3. Toxicant formulations: Examination of the viscosity and the surface tension of liquids 
in relation to drop-size of spray fog, impingement of droplets, type of spray deposit, mass of 
spray deposit, and evaporation of spray-fog between emission and deposition. 


4. Liquid pressure: Effect of variation of spray liquid pressure on drop size and on spray 
coverage. 


5. Angle of Airstream: Examination of importance of angle of airstream to the horizontal 
at point of emission, i.e., comparison of arc-of-circle air vent and “fishtail” type. 


There is: little question that further improvement will shortly be made in concentrate 
applicator design, in toxicants, and in toxicant formulations. Regardless of that, however, 
there seems no doubt that the conventional stationary or portable power sprayer is already 
a reminder of the past. In British Columbia the automatic concentrate sprayer and synthetic 
organic pesticides have wrought one of the most notable and certainly one of the most wel- 
come changes in production methods since the founding of the tree-fruits industry. 
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DISCUSSION 


J. A. Hatt: We obtained one of the 1949 British Columbia concentrate sprayers and used it 
last year, and compared it with conventional machines of the power take-off type and the 
Speed Sprayer. Our results, particularly in scab control, have compared very favourably 
with the conventional machines, and with much less labour—one man operating the feed 
whereas with most machines it takes more than one man. With some insects, the codling 
moth, for instance, the results varied with the type of tree. Where the trees were smaller 
and somewhat more open, the results with the concentrate applications have been as good 
as, and sometimes a little better than with the conventional sprayers. Where the trees were 
high and a little denser we have obtained better control with the conventional machine. 
The differences have not been too marked, however, and possibly we can overcome some 
of them by pruning and by changes in certain other orchard practices. 


The growers in our section have been watching the sprayer closely. At first some of 
them were very sceptical. ‘This year, however, growers came in from other counties for the 
sole purpose fo finding out what concentrate sprayers were accomplishing. In late August 
some orchardists from Oxford County visited, and they were all very favourably impressed 
with the condition of the foliage and the lack of scab, — quite prevalent in some orchards 
this year. 


We had some mechanical difficulty with our model of the sprayer. Its motor was a little 
too small for the work required of it, necessitating not infrequent repairs. I understand 
now that the manufacturer is putting a bigger motor on the machine. Another difficulty 
encountered ‘was the inability to get adequate coverage if even light winds were blowing. 
If the wind was over about 5 m.p.h. we couldn’t spray at all. Frequently it had to be 
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done in the early morning or late evening. This year a number of growers whose orchards 
showed scab, reported that the wind had been so strong that they couldn’t get the spray 
on even with a conventional sprayer. Yet, in spite of this, with the concentrate machine 
we had no scab. 

H. Martin: I congratulate Dr. Marshall on his work in B.C. Your work in agricultural en- 
gineering is being watched very carefully far beyond B.C. Did I understand quite rightly 
that the somewhat lower success which has been encountered in the use of the concentrate 


sprayer against scab was attributed to the actual deposit which is put on by the con- 
ventional machine on one hand and the concentrate sprayer on the other hand? 


J. MarsHaALt: I was speculating, Dr. Martin. It may be that the physical conditions of the 
particles are not favoureble to the full utilization of the fungicidai material. Analyses have 
shown that in normal spraying the concentrate sprayer is at least twice as efficient in 
most cases as the ordinary sprayer. I think that a study of the physical characteristics of 
the deposits resulting from concentrate application would be valuable. 


W. A. Ross: Is the spraying done to-day by an operator who has had experience with con- 
centrate sprayers? 


J. MarsHALL: Last year it wasn’t. If trees are not prunned you might as well forget concent- 
rate sprayers. ‘That is one reason why the horticulturists have hailed the machine with 
great glee. One m.p.h. is the speed for most orchards. Lime-sulphur is still our best scab 
control. We can’t use Bordeaux because our fruit russets very quickly. In our country the 
lime-sulphur causes such a loss from chronic injury that the hoiticulturists are substitut- 
ing ferbam and wettable sulphurs. ‘The concentrate sprayer in one man’s orchard caused no 
injury. 


Mas aaa dha 


HEALTH ASPECTS OF THE NEW ORGANIC INSECTICIDES' 


KINGSLEY KaAy,? 
Department of National Health and Welfare, Ottawa. 


It was a very great pleasure indeed to accept your kind invitation to join in the interestins 
and important programme of the Society. The preceding discussion deeply impresses one with 
the ramifications of the insecticide problem. I am sorry it cannot yet be reported that man 
is developing resistance to the compounds mentioned. ‘Today, the world of pests has become 
a matter of universal concern for it is now recognized that freedom from want and maximum 
well-being of nations depend upon the food-producing capacity of farm and orchard, — upon 
‘our ability to grow to maximum yield — to store and distribute with minimum waste. The 
nutritional standard of man in the post-war world is heavily dependent upon modern pest 
control. Over vast areas of the earth, man’s capacity to produce food is seriously curtailed by 
the ravages of malaria and other pest-borne disease. It is critically important to all peoples 
that fullest advantage of scientific invention be marshalled to make possible effective control 
of insect pests. In this effort Canadian health officials are prepared to take their part. 

Among the general public today there is great interest in the new economic poisons which 
have contributed so much to field and orchard husbandry—to comfort and sanitation in the 
home. ‘There is also evidence of widespread public concern as to the danger of handling 
the compounds and ingesting the residues which may accompany food products to market. 
Much of this concern is unfounded and, as with the fatalities which improper use of certain 
new insecticides has caused, results from unfamiliarity with the good and bad that frequently 
accompanies rapid technical change. I am sure that the Canadian Public will be encouraged 


1Presented as an invitation paper at the 8lst Annual Meeting of the Entomological Society of 
Ontario, November 2, 1950. 


2Chief, Industrial Health Laboratory. 
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by the time which your Programme Committee has found it possible to give to the health 
problems of your special field. It is welcome evidence that we may soon find the health aspects 
equally considered with the entomological effectiveness of the candidate pesticides of the 
future. 


THE NEW ORGANIC INSECTICIDES 


The new group of organic compounds commenced with DDT, a chlorinated hydrocarbon. 
This exceptional insecticide was followed by numerous other synthetics of related structures 
which have now been established as agents of importance in economic entomology. Following 
the war allied technical intelligence representatives discovered in Germany the existence of 
another group of powerful insecticides — the organic phosphates. The development of chlorin- 
ated hydrocarbon and organic phosphate analogs has been joined by the discovery of in- 
secticidal properties for other chemical groups such as the organic sulphur compounds. 


A multitude of chemical entities have appeared on the market possessing fungicidal power. 
Time would not permit a detailed listing of the rodenticides, ovicides, vehicles, synergists 
and soil fumigants which have been brought to bear on our problems of pest control in the 
last few years. 


The tolerance hearings held at the U.S. Department of Agriculture in Washington this 
past spring clearly demonstrated that a vast new array of pesticidal chemicals will shortly 
come forth as candidates for field trial and open market sale. To assess all these compounds 
for human hazard is a scientific and medical task. of first magnitude. 


MAMMALIAN TOXICITY OF THE NEW ORGANIC INSECTICIDE 


The introduction of the organic synthetics and improved spraying techniques has enorm- 
ously increased the potential toxicity of insecticidal covers, but at the same time the danger 
to operational personnel has also been greatly magnified owing to the employment of certain 
chemical groupings against which the mammalian forms have but limited detoxifying defence. 
Prior to the last war the compounds employed in eradicating disease-bearing insects presented 
little threat to the health of sanitaticn personnel and with the exception of remote accident 
possibilities no hazard to the local community was involved. Prewar agricultural practice 
mainly featured stomach poisons — inorganic chemicals of low human toxicity — and low 
hazard to the health of farmer and horticulturist was implied, except in the case of the 
notorious contact poison nicotine which was in limited use by comparison with present day 
production of the new organics. ‘To summarize, the greater health problem of the current 
insecticides is due to structural innovations involving (1) higher vapour pressures than older 
compounds, making for volatility; (2) presence of lipoid solubilizing groups which permit 
storage in body fat and enhance skin penetrability; (3) unique structural characteristics toxic 
to enzyme systems and other vital procésses. Advanced spray machinery design and applica- 
tion techniques combine with the current trend toward “knock-out” covers of high concentra- 
tion to create a generally higher level of exposure for operational personnel. 


The characteristics of an insecticide and the methods of application constitute only the 
exposure. ‘To evaluate the mammalian toxicity it is mecessary to consider the possible routes 
of entry to the body—oral, dermal and respiratory. In addition, it is to be kept in mind that 
while insects are attacked with concentrations adequate to produce acute systemic poisoning, 
the effect on the exposed mammal may be spread over an extended period of time and result 
in chronic poisoning which generally produces a different pathology. In the case of humans, 
the skin introduces the additional possibility of contact dermatitis. 


Lehman (1948) published the first appraisal of the mammalian toxicity of the new organic 
insecticides. ‘This review showed that the chlorinated hydrocarbons and the organic 
phosphates were the two major groups possessing potentially serious consequences for human 
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overexposure. ‘The literature records fatalities due to other compounds, notably the dinitro- 
phenols. However, in North America the bulk of the organic tonnages consumed during the 
past few years has been chlorinated hydrocarbons and phosphates. 


Early in its North American history DDT attracted the attention of industrial hygienists 
and came under suspicion of possessing human toxicity Owing to its close chemical relationship 
to the simple chlorinated hydrocarbons such as carbon tetrachloride and_trichlorethylene 
which many years ago were incriminated as dangerous substances. An additional grouping in 
DDT — the benzene ring — also suggested that the compound might prove troublesome, for 
toxicology provides numerous examples where this structural fragment has been associated 
with affections of the blood and blood-forming organs. Studies on DDT conducted during 
the war, notably by Lillie and Smith (1944) and Neal and co-workers (1944), (1946) indicated 
that typical chlorinated hydrocarbon liver damage occurred with chronic exposure. Evidence 
on human toxicity of DDT began to appear in the medical literature shortly after the war. 
Wright, Doan and Haynie (1946) reported on agranulocytosis occuring after exposure to DDT 
pyrethrum aerosol bomb. Leider (1947), Niedelman (1946) and others describe contact 
dermatitis due to DDT. Various clinical records of human poisoning catalogue symptoms 
such as nervous tension, involuntary muscular tremors, convulsions, respiratory failure and, 
in gross exposures, death. 


Recently metabolic studies by ‘Telford and Guthrie (1945) and Woodward, Ofner and 
Montgomery (1945) have indicated that DDT and its analogs may be stored in considerable 
quantities in animal fat and be excreted in the milk. Further work on storage by Laug 
and co-workers (1950a) with rats fed DD'T-containing diets for 4 to 6 months, indicated 
that the substance is stored at a level which is 6 to 28 times the dietary intake. In these ex- 
periments females stored larger quantities than males. ‘These same animals showed evidence 
of liver injury characteristic for chlorinated hydrocarbons when diets contained as little as 
5 p.p.m. Additional work by Laug and co-workers (1950 b) has shown that in 35 biopsy speci- 
mens of human fat, DDT concentration ranged from 0 to 34 p.p.m. and averaged 5.1. In 
view of these findings and other survey data which indicated clearly that DDT was passed into 
milk, the employment of the compound in dairy barns has been restricted. Lehman (1950) 
suggests that the potential hazard of DDT has been underestimated. 


Recent laboratory findings on the DDT successors such as Chlordane, Toxaphene, and 
Methoxychlor indicate that these compounds also possess typical chlorinated hydrocarbon toxi- 
city. Lehman (1950) has revised upward the toxicity rating on Chlordane on the basis of 
long term feeding studies. It is estimated that this compound is at least four times 
as toxic as DDT and the opinion is expressed that Chlordane has no place in the food 
industry where even the remotest opportunity for contamination exists. Chronic feeding 
experiments also reported by Lehman showed that after 45 weeks of feeding, gross symptoms 
of poisoning in rats appear at the 75 p.p.m. level in the diet, whereas ‘Toxaphene does not 
produce symptoms of poisoning at levels of 400 p.p.m. in the diet, before 26 weeks. Recent 
work by Kunze and co-workers (1950) indicates that Methoxychlor is the least toxic of the 
chlorinated compounds in current use. Even on diets of 500 p.p.m. storage of as little as 
30 p.p.m. was found in the fat of rats, with elimination ocmplete in four weeks after establish- 
ment on a cleared diet. This evidence suggests that Methoxychlor can be used safely for 
direct spraying of livestock. Considerable interest is now being expressed in the new chlorin- 
ated hydrocarbon insecticide Aldrin. Unfortunately, this synthetic, like many others, reached 
Open market status before a well-drawn picture of its toxicity could be developed on labor- 
atory animals. Lehman (1950) reports that the compound presents the rare property of being 
more toxic by skin absorption than by oral ingestion and mentions an approximate ratio of 
10:1. An additional disadvantage claimed is the lack of any skin irritation in low concentra- 
tions, so that no warning of skin contact is provided. Notwithstanding, Princi (1950) observed 
no Aldrin poisoning among handlers in primary production. ‘The MLD/50 has been established 
by Lehman (1950) at 50 mgs. per kg. in rats and this figure has been roughly confirmed by 
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the findings of other investigators. During the 1949 season, Chlordane was employed for 
erasshopper control in the Canadian West and during the 1950 season Aldrin was introduced 
as a more economical substitute. Health records are now being studied. to determine whether 
any ill effects attended the use of these compounds in the field. 


The laboratory investigations on the chlorinated hydrocarbons have mainly featured acute 
and chronic feeding experiments with scme work on dermal applications. Differences in toxi- 
city by the dermal and oral routes which have been uncovered in the case of certain compounds, 
make it probable that toxicity by the respiratory route may differ significantly. For realistic 
laboratory appraisal of insecticides it is becoming increasingly apparent that inhalation experi- 
ments must form an intrinsic part of the testing schedule for any compound. Oral experiments 
permit assessment of the hazard to human health due to the intake of insecticides residual 
on food products, but do not yield definite information of value in assessing the hazard to 
which the industrial worker, farmer and horticulturist may be exposed in the course of handl- 
ing these synthetic chemicals. Yo date, the prospect for predicting toxicity from chemical 
structure has been disappointing. 


ORGANIC PHOSPHATES 


The second group of toxic insecticides — the organic phosphates — presents a more clear-cut 
toxicology but considerably greater hazard. Represented in current North American practice 
by three compounds HETP, ‘TEPP, and Parathion, this group of new synthetics acts speci- 
fically against the esterases cf insect and mammal. DuBois and Manguin (1947) found that 
hexaethyl tetraphosphate inhibited cholinesterase of P. americana. Working with the same 
insect Chadwick and Hill (1947) confirmed these findings on cholinesterase of nerve cord. 
Koppanyi and co-workers (1947) found similar cholinesterase suppression with various mam- 
malian tissues. Lehman (1950) reports MLD/50 (acute-oral-rats) between 5 and 30 mgms/Kg. 
for the phosphates and a similar range for dermal toxicity (rabbits). Chronic feeding experi- 
ments with rats showed no symptoms of parathion poisoning below 25 p.p.m. in the diet at 
the 52nd week. Adequate investigation of inhalation toxicity has not been reported to date: 
Pending further research the full toxicological picture cannot be delineated but all evidence 
points to the organic phosphates as rapid-acting poisons possessing strong parasympatho- 
mimetic activity by oral, dermal, or respiratory routes of entry to the bedy. 


The laboratory findings on organic phosphate toxicity were confirmed early in the 1949 
crop season when three deaths and one near fatality occurred in the formulation and pack- 
aging of parathion. Subsequently three field deaths in the United States were reported. An- 
alysis of United States experience during the past summer is not yet available but Canada re- 
corded one parathion death and two clinical cases due to thinning of peaches the second day 
after spraying. Numerous diagnosed cases occurred in the Okanagan Valley, though no fatalities 
were recorded due unquestionably to alert clinical care. An additional case involved a woman 
who became poisoned from washing parathion-contaminated clothing. ‘The non-fatal case 
histories cover exposures which have been severe enough to produce subjective symptoms 
that directed the patients to medical attention. Clear-cut diagnosis was possible and appro- 
priate treatment with atropine was undertaken. The more serious problems are the cases 
where lower exposures over an extended period of time deplete the body cholinesterase with- 
out distinct warning, at a slow but steady rate, faster than regeneration of this fundamental 
enzyme can be accomplished. Nausea, vomiting, headache and other such signs tend to be 
associated with a wide variety of minor ailments as well as with systemic reaction to absorbed 
parathion and other toxic materials. As a result, medical attention may not be sought quickly 
enough to neutralize the action of the poisons. Additionally the non-specific symptomatology 
of early poisoning by both the chlorinated hydrocarbons and the organic phosphates presents 
difficulty to clinicians when patients do not disclose the chemical exposure in their occupational 
Wistory. 
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Analysis of insecticide poisoning during the past two years has revealed that cases fall into 
two categories. (1) Hypersensitivity which occurs in rare instances and causes acute contact 
dermatitis or systemic poisoning. These cases cannot be anticipated at present stage of know- 
ledge. (2) Gross exposures and repeated mild exposures leading to systemic poisoning or con- 
tact dermatitis. These cases are preventable if the following rationale is observed: (1) proper 
protective measures to reduce exposure, (2) medical attention when mild illness of any kind 
occurs, (3) these exposed to insecticides should not fail to advise physicians as to the nature 
of the chemicals handled. 


EXPOSURE AND CONTROL MEASURES 


The organic insecticides, in the course of a few short years, have come to present a chal- 
lenging new problem to those charged with introducing the new compounds and caring for 
the health and safety of the public. In the Department of National Health and Welfare it 
is felt that this is primarily a task for industrial hygiene, which has developed over the years 
specialized medical and environmental techniques capable of permitting safe manipulation of 
the multitude of poisonous materials which have preceded the organic insecticides. By co- 
operative action between agricultural and health agencies at Federal and Provincial level all 
phases of the problem, from hazard in manufacture to the residue question with marketed 
produce, can be solved. 


First human exposure to an insecticide occurs in manufacturing synthesis. Protection of 
industrial workers under the type of organized conditions which generally prevail in industry 
today presents a manageable problem through the employment of such techniques as closed 
processes, exhaust ventilation, personal respiratory protective devices and cleanliness regimens; 
these measures being supplemented by routine medical supervision. 


Formulation of preparations involves extensive manipulation of concentrated materials. At 
this stage, as well as in packaging and bottling, rigid precautions are necessary if health of the 
employee is to be protected. Such work is not generally carried out by the manufacturer but 
is taken on by smaller concerns which specialize in formulation. Under these circumstances, 
the health problem looms for it has been found in the case of other industrial hazards that 
the smaller the organization, the more difficult becomes the problem of proper health control 
owing to the capital outlay necessary for ventilation and dust collection equipment, as well 
as the operating expenses of providing close medical supervision of exposed employees. 


The application of the new insecticides by the individual farmer and horticulturist con- 
stitutes the major health problem in unrestricted use of these important economic aids. The 
size of the operation is at a minimum. ‘There is an unfamiliarity with the handling of 
dangerous materials. Capital investment is low and financial outlay for health protection must 
compete with narrowly-budgeted operations expenditures. Currently, commercial distribution 
facilities for safety equipment are geared to the concentrated industrial market and such equip- 
ment is not easily obtainable in rural areas. ‘These factors combine to present a discouraging 
prospect for the employment of safe practices when highly toxic insecticides are applied. 
Quite apart from the intrinsic toxicity of the particular insecticide being used, there is a 
trend toward more hazardous methods of application. Aerosol-type spraying and dusting 
are increasing and this practice makes for fine particles which remain air-borne longer and 
penetrate the respiratory tract more deeply. The necessity to work around trees and plants 
following spraying creates a serious potential exposure to residual insecticide, realized this past 
summer by the tragedy at Port Burwell. Finally, concentrations of insecticide in spray mix- 
tures and dusts are being increased in some areas to offset immunity which certain common 
pests have been noted to be developing. The sole circumstance mitigating against hazard is 
the intermittent character of the field applications, but this affords no protection against the 
rapid-acting poisons, 
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Recent study in the field has revealed serious malpractices in insecticide application. On 
the basis of the findings, the Department of National Health at Ottawa will shortly make 
available an instructional strip film. Hand mixing of bait and powder for sprayers was frequent- 
ly noted. Skin absorption and inhalation of vapor become serious matters: when protective 
gloves and respirators or masks are not worn. The precaution of wearing respirators is sull 
resisted, and possibly with some justification, for the discomfert factor is high. Nevertheless, 
health, under field conditions, cannot be protected by any other means in the presence of toxic 
vapors. Possibly the most serious condition observed was the practice of wearing unprotected 
fabric clothing over a period of days, during which extensive accumulation of active material 
takes place and creates for the whole body a toxic environment which the most vigorous 
constitution cannot indefinitely resist. 


Education at worker level in proper methods of protection is the fundamental requirement 
for safety. Certain companies have seriously undertaken to instruct customers how to use their 
products without ill effects. Other companies will, no doubt, adopt this practical approach, 
for one cannot fail to recognize the intelligent and responsible attitude of the industry as a 
whole in connection with the health problems presented by the new materials. With few ex- 
ceptions, the insecticide producers today adopt the point of view that sale of a potentially 
poisonous compound on the open market carries with it a measure of responsibility for 
customer safety that goes beyond the mere listing of precautions on labels. Furthermore, it 
is Our experience that the ethical manufacturers now recognize the basic importance of carry- 
ing out careful studies of oral, dermal and respiratory toxicology as a normal aspect of new 
product development. Common sense dictates that new chemicals should be screened for 
human toxicity before they are placed on the open market. Thereafter, rational educational 
programmes for customer safety can be based upon scientific knowledge of toxicity, physical 
properties of the preparation and technique of application. Primary screening of new pro- 
ducts and subsequent safety education must become the rationale of marketing. 


Among authorities in the field a considerable body of opinion favours the suppression of 
insecticides toxic to warm-blooded animals beyond certain limits. In other quarters it is con- 
sidered that compounds dangerous to man should be employed only by licensed pest control 
operators or by large field operations where organized conditions of work permit the applica- 
tion ef industrial hygiene procedures. As regards insecticidal residues on tood products, certain 
specialists consider that application of insecticides should be controlled so as to prevent the 
use Gf dangerous materials under such circumstances. All these considerations imply complex 
controls, restriction and regulation in contra-distinction to the traditional freedom with which 
agriculture and horticulture have long been pursued. 


THE GOVERNMENTAL POSITION 


At the present time the sale of pest control products in Canada is relatively unrestricted. 
The Pest Control Products Act, a Federal Statute, requires as a condition of licence that pois- 
onous products be so labelled. In addition such products must be capable of being employed 
safely with reasonable precautions. To satisfy this requirement, extensive field experience under 
controlled experimental auspices including medical supervision is obviously necessary in order 
to assess hazardousness and routine of precautions prior to licensing under the Act. 


The health problems associated with organic insecticides have been under continuous study 
in the Department of National Health for many months past. A close working relaticnship 
has been established between the Division of Entomology of the Federal Department of Agri- 
culture and the Industrial Health Division of the Department of National Health and Welfare 
with a view to ensuring prompt health consideration of promising insecticides. The Industrial 
Health Division acts in a technical advisory capacity to the Plant Products Division of the 
Agriculture Department which administers the Pest Control Products Act. In this fashion the 
administrators of the Act are able to obtain an estimate of the potentia' health hazard of 
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products which may be candidates for licence under the Act. ‘The Food and Drug Division 
joins in the work when occasion arises to consider materials likely to be employed in food and 
drug situations. Additionally, the Industrial Health Division prepares and distributes evalua- 
tions on toxicity of new compounds and cooperates with Provincial Health Departments in 
their efforts to make possible safe handling of insecticidal aids at factory, farm and orchard 
tevel. Whether this approach to the problem will prove adequate in the future will depend 
largely upon current safety experience, for there is little evidence to point to the forthcoming 
presentation of ideal materials having high insecticidal potency and negligible toxicity to man. 
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DISCUSSION 


H. A. U. Monro: What is your opinion of the toxicity of lindane? 


K. Kay: I purposely didn’t present a table showing comparative toxicity of this and other 
compounds, because we find that there is considerable changing of minds about this. At 
the moment it is regarded as having the next lowest toxicity to methoxychlor, i.e. with 
regard to feeding toxicity only. What its toxicity would be from the point of view of 
dermal poisoning or inhalation, I have no idea. 


H. A. U. Monro: Have you any information regarding the question of the absorption of methyl 
bromide through the skin? 


K. Kay: I can’t recall anything specifically on methyl bromide through the skin. The dermal 
problem is in a very chaotic condition, due to disagreements about experimenting on 
dermal poisoning, and as a result it is not a phase of the problem on which it is fair to 
make any statements. To-day there is a tendency to feel that the respiratory hazard has been 
overestimated, and that we haven’t been paying enough attention to skin absorption. There 
has been a great deal of emphasis on selecting proper respirators and inducing people to 
wear them, and perhaps not enough on proper clothing. 


G. F. Manson: What is the attitude of your Department toward carrying emergency atropine 
for field workers using parathion? 


K. Kay: The Department is against it. It suggests instead that the availability of medical 
attention should be looked after by the people working with parathion. It feels that 
atropine is a very dangerous drug, and should not be handed out for use by inexperienced 
people. We feel that medical service should be made available where parathion is being 
used. 


H. A. U. Monro: One thing we have done is have the men carry some information for the 
doctor. The average doctor does not know what to do in cases of poisoning by these new 
insecticides. 
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K. Kay: The Department looks very favourably on the current practice of notes to physicians 
on labels. I will make a note of your suggestion to bring up before my Department. 


W. A. Ross: Was not the note on parathion poisoning sent to all physicians in Canada? 
K. Kay: I understand it was but do not know for sure. . 
J. A. HALL: The doctor on the case at Port Burwell, had no information at all. 


K. Kay: Parathion seems to have been in use for a long time, but its general use in Canada 
seems to be rather recent, and I think it will take some time before that information is 
known by the medical profession. 


J. A. Haru: I believe that it has been in medical journals. 


H. A. U. Monro: I still maintain that the responsibility should be with the people who are 
working with the poison, because doctors are too busy to know everything about all the 
new and very deadly poisons. 


K. Kay: Mr. Monro mentions a very important fact, i.e. that there must be a responsibility 
with the person spraying with the very deadly poisons, or someone responsible in charge 
when insecticides such as parathion are used. He should direct men to a doctor if occasion 
arises, and be familiar with any first-aid treatment which may be applied. 


H. A. U. Monro: Is there an indication of wide variation in susceptibility of individuals to 
parathion poisoning? 


K. Kay: It is very difficult to classify these, due to the rareness of cases of poisoning. Why the 
odd person should succumb is a mystery. 


W. A. Ross: With the large number of people using parathion, there have been very few 
who have been poisoned by it. I wonder if those of us who are interested in this problem 
could meet with Dr. Kay this afternoon. 


K. Kay: It would be a pleasure. Dr. Cunningham of the Ontario Division of Industrial 
Hygiene is also here. Possibly he would meet with us. 
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HISTOPHYSIOLOGY AND INSECTICIDE ACTION? 


A. J. MUSGRAVE, 


Department cf Entomology and Zoology, Ontario Agricultural College. 


Some entomologists have for some time now thought that our knowledge of insect toxicology 
could well be advanced by a study of the more histological aspects of insect physiology. The 
term histophysiology can, it is submitted, reasonably be used to describe this field of study; 
indeed the word is already in the literature (Wigglesworth, 1947). 


The object of this paper is to attempt to review and correlate some of the work in insect 
histophysiology that has a bearing on the subject of toxicology; firstly, by reviewing some of 
the tissue changes in insects that have been described as being associated with the administra- 
tion of toxic materials; and secondly, by discussing some of the recent findings on insect histo- 
physiology that affect our knowledge of insect toxicology. 


The study of tissue changes associated with the administration of toxic substances has been 
regarded by some, and particularly by Richards and Cutkomp (1945), as of very limited value, 
but it is worth noting that the medical and veterinary scientists seem to find the study of the 
tissues of poisoned animals of some value; and it seems likely that the study is not as barren 
of possibility as the critics suggest. 


1Presented as an invitation paper at the 8lst Annual Meeting of the Entomological Society of 
Ontario, November 1, 1950. 
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That greater knowledge of ‘the fundamentals of insect histophysiology should throw light 
on the problems of insect toxicology is becoming more generally appreciated. Indeed it would 
seem not unlikely that progress in our knowledge of insect toxicology is dependent to a great 
extent upon the progress in our knowledge of the more fundamental aspects of entomology, 
particularly of histophysiology; that advances in toxicology will come both from increased 
knowledge of the insect and from increased knowledge of chemical poisons 


It is generally accepted that there are three routes by which a toxic material may enter 
an insect: by the alimentary canal (the so-called ‘stomach poisons’); by the general and _ parti- 
cular body surface (the so-called ‘contact insecticides’); and by the spiracles into the respiratory 
system (presumably, the method of entry of fumigants). The terms ‘residual insecticide’ and 
‘systemic insecticide’ -(Martin, 1949) are of relatively recent introduction to describe materials 
such as DDT on the one hand and the new organic phosphorus compounds on the other. 
These terms, it would seem, are arbitrary, but they are useful in practical toxicology. It may 
be that a changed attitude towards them may become necessary. For example, it is surely 
not impossible that some of the so-called ‘stomach poisons’ may enter the insect through the 
cuticle of the mouthparts, through the cuticle of the foregut, through the peritrophic mem- 
brane or through the cuticle of the hindgut. We have no information on these points. It is 
known, in the few insects that have been studied, that the foregut lining is impermeable to 
water; that the peritrophic membrane is probably permeable to digestive juices and the pro- 
ducts of digestion; and that the hindgut is permeable to water (Wigglesworth, 1947). If a 
poisonous material is absorbed through any part of the gut or body wall it is of interest to 
know if those tissues are in any way affected: if, for example, signs can be detected of inter- 
ference with secretory activity or with the cellular layer. Recently Miss Salkeld, working at 
the Ontario Agricultura] College, has investigated the histological changes in the midgut of the 
honey bee associated with the administration of three insecticides as ‘stomach poisons’. She 
used DDT (2,2,-bis-(p-chlorophenyl)-1,1,1-trichloroethane), parathion (0,0-diethyl o,p—nitrophenyl 
thiophosphate) and acid lead arsenate in accurately measured doses (Salkeld, 1950, 1951). 
The great difficulty in this kind of work is the making of legitimate assessments of damage 
due to the poisons as against normal post-mortem changes. This is rendered the more difficult 
as we know nothing of the histology of recently dead insects. Salkeld adopted a number of 
expedients to overcome these difficulties: standardization of all procedures, constant reference 
to check material, and the use of what may, perhaps, be called physiological time. ‘That is, 
instead of examining bees killed by all the poisons at the same standard time after administra- 
tion of the poison, she removed the tissues for examination when the insects had reached a 
particular condition in their progress towards death. In this way, slow acting insecticides, it 
was thought, would be given a chance to exert their effects. Salked found certain tissue dif- 
ferences which she considered were associated with the administration of the insecticides, and, 
based on these, she suggested, tentatively, that while arsenic appeared to have a direct action 
on the cells of the midgut, DDT and parathion probably entered the insect through the 
cuticle of the foregut; DDT then affecting the gut nerves and causing continuous activity and 
exhaustion, and parathion causing rapid death without much affecting the midgut. 


There is some independent physiological support for these views: Tietz (1924) found that 
arsenic was one and three-quarters times more soluble in the fluids of the honey-bee ventriculus 
than in distilled water; DDT and parathion are only slightly soluble in water; and there is 
evidence that DDT (Bodenstein, 1946) and parathion (Metcalf and March, 1950) are both 
nerve poisons of some kind. It is likely that an extension of Salkeld’s work would yield re- 
sults of considerable interest. Such work is of a pioneering kind and even negative results 
have much value.* 


*After this was written a very interesting recent contribution was noted: “‘A study of the 
processes of digestion in certain insects’ by Day, M. F. and Powning, R. F. (1949) in Australian 
J. Sci. Res., Series B, 2: 175. This work included studies of mitoses in midgut cells and a discussion 
of the ‘Histopathology of Insecticides’. 
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Some similar work has been done with insect nerve tissues (Hartzell). Richards and Cut- 
komp, however, have expressed some criticisms of the work and it may be that nerve tissue, 
in particular, is the least satisfactory for histophysiological studies of toxic action, despite its 
use by Latiger et al. (1945). 


Yeager et al. (1942) have been able to show that the blood of an insect may play some 
part in its resistance to poisons. They were able to achieve functional blockage of the haemo- 
cytes of the cockroach with Chinese ink (carbon particles) and to show that insects whose 
haemocytes were blocked in this way were less resistant than the checks to sodium arsenite 
applied in small doses as a contact insecticide. 


There is little work relevant to the present paper on either oenocytes or the fat-body. How- 
ever, Kramer and Wigglesworth (1950) have recently postulated that oenocytes are concerned 
in the secretion of the cuticular waxes (see below), so that toxicity studies involving observations 
of oenocytes might well prove fruitful. The fat-body contains a great variety of storage pro- 
ducts (Bishop, 1922; Schmieder, 1928 and Wigglesworth, 1942), such as glycogen, fat and pro- 
tein. Merrill, et al. (1946) have found biochemically a marked depletion in total body glycogen 
and glucose and an increased fat utilization in DDT-poisoned insects. Such changes are not 
unlikely to affect the fat-body and it is possible that they might be detectable histologically. 


Studies of the histophysiology of poisoned insects like those just described advance our 
knowledge of toxic action by helping towards a fundamental explanation of the action; but 
there is another great field of insect histophysiology that has recently centributed much to 
our better understanding of insecticide action; and this is the histophysiology or microscopical 
functional morphology of the normal insect. Advances that are of considerable interest to 
toxicologists have been made in our knowledge of the insect cuticle and the insect egg shell. 


Early work on the insect cuticle was due to Chatin (1892) and Kuhnelt (1928) among 
others; but in 1918, Moore and Graham suggested that the insect cuticle probably had a waxy 
or fatty covering. Recent work on the insect cuticle is due in varying degrees to Ramsey 
(1935), Pryor (1940), Wigglesworth (1948), Hurst (1948), Dennell (1946), Beament (1945) and 
Way (1950). Ramsay noticed that droplets of water on the cockroach cuticle became covered 
with an oily film and he claimed that the oily material was derived from the cuticle. Pryor 
showed that the cockroach ootheca was formed from protein tanned by certain phenol deriv- 
atives. ‘The expression “tanned”, apparently taken from the leather industry, is used to de- 
scribe the introduction into the protein molecule of certain links so that a soft, easily decom- 
posed protein becomes a tough resistant material like cuticle or leather. In leather, Jordan 
Lloyd (1943) has said “The function of the tanning agent appears to be to displace the cross- 
links of the natural protein fibre... and to replace them with a more stable type of linkage”. 
Since Pryor’s paper, much has been written on the subject of tanning in the animal kingdom, 
for example: Wigglesworth (1948), Picken and Lotmar (1950), Nurse (1950), Blower (1950) 
and Burton and Stoves (1950). 


The least complex account of the insect cuticle is Wigglesworth’s description of that of 
Rhodnius prolixus. He considers that the cuticle consists of an endocuticle of soft protein 
and chitin (a complex polysaccharide), and exocuticle of “tanned” protein and chitin and a 
thin complex epicuticle consisting of a layer of cuticulin covered by a polyphenol layer, 
covered by a wax layer, covered by a cement layer. The wax layer waterproofs the insect 
and its presence is, of course, of considerable interest to toxicologists, for it would seem likely 
that upon it, to a considerable extent, depends the permeability of the insect to poisonous 
materials. Indeed, Wigglesworth (1944) has shown that the action of so-called “inert” dusts 
is due to the scratching of the wax layer and the subsequent consequent desiccation of the 
insect. Beament (1945) has made an extensive study of cuticular waxes. He has found that 
the precise type of wax varies with the species of insect. Permeability of the wax layer to 
water increases suddenly at a particular temperature just below the melting point of the wax. 
He calls this temperature the “transition point” and postulates that at it the wax layer be- 
comes disorganized. He found, too, that chloroform vapour could cause an increase in perme- 
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ability of the wax layer—a finding of some interest for those who conduct laboratory tests 
with insecticides, as it indicates that caution is necessary in viewing results obtained with 
anaesthetized insects. It is interesting here to note that Page et al. (1949) have obtained, by 
a study of “knock-down” of pyrethrins, a measure of the thickness of the epicuticle which is 
in close agreement with Beament’s histophysiological determination. Wigglesworth’s (1948) 
account of the cuticle of Tenebrio is in general agreement with his account of the Rhodnius 
cuticle. Dennell (1946) has studied the cuticle of the larva of Sarcophaga in which he found 
that the epicuticle consisted of two layers. Hurst (1948) has written several papers on the 
cuticle of the larvae of the higher Diptera: he postulates a very complex structure and seems 
to regard the outermost layer as a lipo-protein mosaic. Apparently, it is thought (vide Disc. 
Faraday Soc. No. 3) that Hurst’s concept of the cuticle is unnecessarily elaborate. However, 
Thorpe (1948) has taken some ultra-violet photomicrographs of part of the cuticle of the 
water bug Aphelocheirus aestivalis and found that they do not support in detail the views 
on the epicuticle of either Hurst or Wigglesworth. Recently, Way (1950) has published an 
extensive account of the cuticle of Diataraxia oleracea (Lepidoptera). ‘This cuticle apparently 
is fundamentally not very different from the Rhodnius cuticle but it undoubtedly differs in 
many details. Way discusses h*s findings in the light of other work on cuticle. Discussing 
some of these ideas in association with some of his own experiments, Webb (1950) has recently 
suggested that it is as important that an insecticide be water soluble as that it be oil soluble; 
for it must be soluble in the protein as well as in the “fatty” part of the cuticle. Furthermore, 
he suggests that the action of certain liquilds that aid penetration is due to their ability to 
make the insecticidal material more soluble in water. This is surely the phenomenon of hydro- 
tropy*; and it is of interest that Musgrave (1946) suggested it as a possible way in which 
DDT might be translocated within the insect. 


Several investigators have favoured particular parts of the cuticle as the sites of entry of 
‘contact’ insecticides. The sense organs (Musgrave, 1946; and Roeder and Weiant, 1946) have 
been suggested by some and the tarsi by others (Later et al., 1944; Burt, 1945; and Hayes 
and Liu, 1947). There is no histological evidence that the sense organs play any part in insect- 
.icide entry. But Hayes and Liu (1947) have indicated some association between tarsal struc- 
ture and DDT-sensitivity and recently Slifer (1950b) has shown that the arolium of the 
grasshopper is, at times, permeable to water soluble dyes: the grasshopper that had just under- 
gone ecdysis had impermeable tarsi but older specimens and those with rubbed tarsi had 
permeable arolia. Apparently it was Minnich who first showed (1921—1932) that insect tarsal 
chemo-receptors were effective, for some insects can ‘taste’ with their tarsi, (see also Marshall, 
1934), but it was not until the 1940’s that the implications of his findings were realized by 
entomologists. For here, it seems, is an excellent entry site for contact insecticides. 


The spiracles have been a favourite with entomologists as the site of entry of insecticides. 
It seems, however, that despite recent research (Richards and Korda, 1950) we, as yet, know 
too little of the cuticular intima of the tracheae to discuss the entry of insecticides by this 
means, though it was shown many years ago by Moore and Graham (1918) that certain very 
definite physical properties were required of a liquid in order that it might penetrate the 
tracheae. 


One very fascinating branch of insect histophysiology in which considerable progress has 
been made is that which deals with the insect egg shell. Until recently, virtually nothing was 
known of the structure of the insect egg shell. Beament (1946 a & b, 1949 a & b) has, however, 
recently described the results of several years work on the shell of the egg of Rhodnius pro- 
lixus; Slifer (1937, 1938, 1949, 1950) has described the structure of the shell of the grasshopper 
Melanoplus differentialis; and Moscona (1950) has described the egg shell of the Phasmid 
Bacillus libanicus. 


*A hydrotropic substance is one capable of causing the greatly increased water-solubility of 
a substance normally only very sparingly soluble. (See Thorpe, 1947 for an introductory discussion.) 
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In 1937 Slifer described the outer shell or chorion as “many layered” but she showed only 
two layers in her diagrams. Beneath the chorion were later secreted two layers of tough 
material. Subsequently, one of these layers was digested away by the developing embryo be- 
fore hatching. Later (1938), she described a water-absorbing area of the egg which she 
termed the ‘hydropyle’. If eggs could not absorb water they died. It had been known that 
the chorion was secreted by the follicular epithelium (Gross, 1903; Musgrave, 1937; and Slifer, 
1937). Beament decided it was necessary to limit the term ‘chorion’ to such layers as were 
secreted by the follicular epithelium: in Rhodnius egg he found seven; in addition, he found 
that the developing oocyte secretes a waterproofing wax layer onto the inner surface of the 
chorion. He was able to show that many chemically simple lquids can penetrate the egg shell 
only through the micropyles, which are, properly, the means of entry for the sperm. The 
female Rhodnius attaches her eggs to the substrate with a cement and this cement frequently 
occludes the micropyles; furthermore, he found that young females produce more than old 
females. Here is an excellent explanation of the heterogeneity sometimes found in ovicide 
tests with the attached type of insect egg (see, for example, Callaway and Musgrave, 1940, on 
eggs of the bed-bug, a distant relative of Rhodnius). 


During the fifteen days between laying and hatching the eggs of Rhodnius were found to 
increase in resistance to simple chemical poisons till about the twelfth day, when resistance 
decreased again. Beament studied the subchorial membranes of the egg and found that 
several were laid down by the developing embryo and the egg reached maximum resistance. 
As the time for hatching approached some of the subchorial membranes were dissolved and 
egg resistance decreased again. Clearly, in ovicide testing the age of the egg is a very im- 
portant factor; not only this but it is important to know how precisely age should be deter- 
mined: may the results cbtained with an ovicide against eggs 2 days¢t12 hours old be com- 
pared reliably with results obtained with eggs 2 days¢24 hours old? It would, presumably, 
depend upon what changes occurred in the egg shell in the extra hours. 


Very recently, and perhaps stimulated by Beament’s work, Slifer (1950a) has returned 
to her study of the insect egg shell and she has made observations of considerable interest to 
toxicologists. Young eggs of Melanoplus differentialis are highly susceptible to poisoning by 
iodine in potassium iodide but during diapause they are unharmed. During diapause the hydro- 
pyle (or water-absorbing area of grasshopper egg shell) is protected by a wax layer. When 
diapause is over, iodine can again enter the egg and it is subsceptible to poisoning. There is 
a close correlation between the permeability of the hydropyle and the presence of a layer of 
wax or wax-like material and the susceptibility to iodine in potassium iodide. Obviously, it 
is of importance to treat insect eggs with ovicides at their most susceptible time. 


The egg shell of the Phasmid (Orthoptera) Bacillus libanicus has been described by 
Moscona (1950). ‘The egg is covered by three main envelopes: an exochorion of seven layers, 
a double-layered endochorion and a vitelline membrane. Two of the layers of the exochorion 
consist largely of calcium salts. During development of the egg part of the calcium carbonate 
layer of the exochorion becomes dissolved and lost. 


It is noteworthy, too, that Christopher’s (1945) description of the Culex egg raft indicates 
yet another type of insect egg shell. 


It is surely reasonable to submit that these fundamental findings help to a better under- 
standing of ovicidal action. 


It is known that some insect eggs absorb water from the leaves on which they rest (See 
Slifer, 1958, quoting Reaumer, 1740, and Weber, 1931; see also Wigglesworth, 1947), yet little 
is known of the precise mechanism. It therefore seems not improbable that with the develop- 
ment of systemic insecticides it may be possible to kill insect eggs by means of these insect- 
icides. This is speculation, for much more work is needed. Present indications are that 
systemic insecticides are nerve poisons and would thus be ineffective against young undif- 
ferentiated embryos. 
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This has been a very brief review of an extensive field of study, but it is hoped that 
it has helped to generate an appreciation of the great significance of fundamental work on the 
microscopical aspects of insect physiology, not only to entomologists in general but to toxic- 
ologists in particular, and to practical agriculturists and pest control workers. 
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THE DEVELOPMENT OF RESISTANCE OF INSECTS TO INSECTICIDES 


A. W. A. BRown 


University of Western Ontario 


My part in introducing this discussion will be to outline the history of resistance, in order 
to provide a background for the advanced knowledge of the chosen speakers to follow. The 
development of resistance to insecticides by certain species of insects is no new thing; and 
its history dates back almost to the earliest application of these insecticides, if allowance is 
made for the inevitable delay in the detection of its existence. 


In 1908 it was first established that a resistant strain of the San Jose scale (Aspidiotus 
perniciosus) was present in the Clarkston valley of Washington state, because its average survival 
rate was 17% to doses of lime-sulphur which left no survivors of the normal strain. A similar 
race was also detected in southern Illinois. The Clarkston strain showed no progressive increase 
in resistance during the succeeding 15 years. 


Subsequently, resistant strains of three species of coccids developed in the citrus groves 
of California where hydrogen cyanide was used as a tree fumigant. In 1912, populations of 
the black scale (Saissetia oleae) at Charter Oak were found to show 20% survival to doses whicn 
normally left only 1% as survivors. By 1938 this resistant strain was present throughout the 
entirety of Los Angeles county. In the same year, resistance to HCN appeared in the California 
red scale (Aonidiella aurantii) at both Corona and Orange; by 1946 it was present in the 
citrus groves of both the coastal belt and the interior of the state. As with the previous species, 
the resistant strain showed 20°% survival to doses which normally left only 1%. Finally in 
1925, a HCN-resistant strain of the citricola scale (Coccus pseudomagnoliarum) appeared at 
Riverside and by 1938 was present throughout the range of this species. Its survival rate was 
50% to doses which allowed only 10% of the normal strain to survive. 


The nature of this resistance was studied in the case of the red scale. From a physiological 
standpoint, the resistant strain was found to attain the condition of protective stupefaction in 
a shorter time, and to maintain spiracular closure against the entry of HCN for a longer 
time, than the normal strain. Upon genetical investigation, the resistance was found to be 
sex-linked, such that the haploid males resembled their diploid mother in resistance; and to 
show no dominance, to the extent that the heterozygous females were intermediate in resist- 
ance. Successive generations of the resistant strain maintained their resistance even in the 
absence of HCN, but the resistance of the stock was found to increase upon further exposure 
to this fumigant. 


By 1928 it was definitely established that the strain of codling moth (Carpocapsa pomonella) 
in the Grand Valley of Colorado was resistant to acid lead arsenate. It required 10 to 12 
cover-sprays for control where originally 2 had been sufficient in 1900. When compared with 
a strain from Virginia (a 4-spray region), the Colorado larvae showed themselves to be larger 
and more resistant to desiccation and starvation; thus they could wander over the sprayed 
fruit for a longer period and thereby had a greater chance of finding a point of entrance 
uncovered by the arsenical. Genetically, the factor or factors were neither dominant nor sex- 
linked; the hybrids were intermediate in resistance, and the reciprocal crosses were identical. 
It was found in 192? that the Carpocapsa populations in the Yakima valley of Washington 
were at this intermediate level of resistance. A progressive increase in resistance was noted 
at Wenatchee, Washington from 1930 to 1932, and by 1943 it was noted that even the Virginia 
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populations showed twice the resistance that they did in 1918. In 1943, it was reported that 
larvae of C. pomonella infesting walnut orchards in California had developed an increased re- 
sistance to basic lead arsenate. 


In 1938 a strain of the blue tick (Boophilus decoloratus) that was resistant to sodium 
arsenite was reported from New London, South Africa. The level of resistance was such that 
cattle dips that had formerly killed all but 1% of the ticks, now left an average of 63% as 
survivors. By 1945 this resistant strain had spread southwards throughout Cape Province and 
northwards to Zululand. Similar resistance to sodium arsenite had been noted in populations 
of B. australis in Australia and Haematobia hominis in Brazil. 


During the following decade, many instances of resistance were discovered in California, 
where control measures are usually more intensive than elsewhere. In 1941, only 2 years after 
the introduction of tartar emetic bait-sprays, a resistant strain of the citrus thrips (Scirtothrips 
citri) was reported from the San Fernando valley, that showed 79% survival as against a 
normal survival rate of 1%. Similar resistance was also reported from the western Transvaal. 
In 1943, the gladiolus thrips (Taeniothrips simplex) was showing resistance to tartar emetic 
in certain localities, and in southern California the walnut huskfly (Rhagoletic completa) had 
developed a tolerance to cryolite sprays greatly in excess of what it had 9 years earlier. In 
1944, it was apparent that there was a strain of the peach twig-borer (Anarsia lineatella) near 
the town of Empire that was resistant to basic lead arsenate. It showed 20° survival to treat- 
ments that nermally eliminated all but 3%; it has been suggested that this area-restricted 
strain is due to a loca] mutation. | 


Then in 1946 there first appeared the well-known instances of resistance in the housefly 
(Musca domestica) that have brought the entire subject of insecticide tolerance into the lime- 
light. In various parts of Italy, including Rome and Naples, adult houseflies were showing 
resistance to doses of DDT that had completely controlled them when this insecticide was 
first introduced 2 years previously. Meanwhile in northern Sweden, near the town of Arnas, 
a DDT-resistant strain was discovered to exist where this insecticide had never been used 
before. In 1947, a resistant strain was discovered at Ellenville, N. Y., and in this and the 
following year it became evident that resistant houseflies were present in at least 6 states, and 
were prominent in Florida and California. No more will be said about DDT-resistant Musca 
at this point, since the topic will be amply covered by succeeding speakers. 


Although this problem does not yet appear to be of the importance in mosquitoes that it 
is in houseflies, instances of DDT-tolerance have been reported for culicine larvae. In 1947 
it was established Culex pipiens taken from the Pontine marshes south of Rome were more 
resistant than a normal strain. In 1949, larval populations of the salt-marsh species Aedes 
taeniorhynchus and A. sollicitans at Cocoa Beach, Florida, proved to be resistant to DDT 
treatments which had given complete control throughout the previous 4 years. In 1949 also, 
both Culex and Aedes larvae were reported to be resistant to DDT in Kern County, California. 
A similar instance was afforded by the filter fly (Psychoda alternata) in Illinois, where larvae 
in 1949 were resistant to doses fo DDT that had controlled them in the previous 2 years. 


Finally, in 1949 resistance appeared in the greenhouse red spider (Tetranychus telarius) to 
parathion, only 1 year after its introduction. The first instance was at Cromwell, Connecticut, 
where a survival rate of 85% had developed to dosages that completely killed the normal 
populations. Instances of parathion-resistant red spider are now appearing elsewhere in the 
eastern United States on greenhouse roses; it should be noted that a similar phenomenon of 
resistance appeared in 1943 in the case of red spider on flowering plants treated systemically 
with selenium salts. 


It is now a pleasure to call on Dr. H. H. Schwardt of Cornell University to make the 
contribution to this symposium that he has so kindly prepared. 
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RESISTANCE OF HOUSEFLIES TO DDT 


H. H. ScHWART 


Cornell University 


In 1914 Melander reported that the San Jose scale was becoming resistant to lime sulphur 
solution. Quayle in 1916 reported resistance to HCN by the California Red Scale and Black 
Scale. Hough’s famous work in 1928 showed that certain strains of codling moth had developed 
resistance to arsenicals. Other investigators have observed resistance to certain insecticides in the 
contused flour beetle, a cattle tick, thrips, screworm, houseflies, and several species of mosquitoes. 


In view of all this literature, it is surprising that no one apparently worried when the 
widespread use of DDT against the house fly and many other species was begun in 1945. It was 
a favorable setting for the development of resistance and in the housefly this became apparent 
in Sweden and Denmark in 1946, in Italy about the same time, and in 1948 housefly resistance 
to DDT was reported from several sections of the U.S. including New York, Florida, and Cali- 
fornia. By July of 1949 the DDT recommendation for housefly control was discontinued in sev- 
eral states of the US. | 


Wiesmann in 1947 reported on investigations indicating that resistance in the housefly was 
due to morphological changes in the tarsi that inhibited the absoption of DDT. Metcalf was 
unable to confirm Wiesmann’s work and indeed discredited it when he showed that resistance 
was demonstrable when DDT was applied by injection methods. 


Sternburg, Kearns, and Bruce presented abundant data showing that resistant flies were able 
to metabolize DDT into the less toxic metabolites DDE (2,2 bis, parachlorophenyl, 1,1 dichloro 
ethylene) and DDA (bis, parachlorophenyl, acetic acid), while non-resistant flies were unable to 
accomplish this. This appears to be the best explanation for resistance so far advanced. The 
presence of the metabolites DDE and DDA in DDT-treated rabbits had been shown previously 
by Ofner and Calvery. 


March and Metcalf have added support to the detoxification theory by experiments in 
which resistant and non-resistant strains of houseflies were treated with 1,1 bis parachloro 
phenyl 2 nitropropane, and 1,1, bis parachlorophenyl 2 nitro butane. These compounds ob- 
viously cannot be detoxified by the de-hydro halogenation process through which DDT is 
metabolized. These compounds are equally toxic to resistant and non-resistant flies. These 
authors suggest that a DDT additive that will prevent resistant flies from metabolizing — 
should be sought. 


The various investigators of the phenomenon of resistance are not in complete agreement 
on the possibility of the decline of resistance when several generations are reared without 
treatment. In 1948 King stated that resistance was lowered or lost after about 15 generations 
out of contact with DDT. Recently the same author withdraws somewhat from this position 
and reports that resistance may fluctuate in succeeding generations of resistant flies reared 
out of contact with DDT. Pimental, Schwardt, and Dewey have found that New York strains 
of resistant flies lose resistance when unexposed to DDT for many generations, but that treat- 
ment with lindane, dieldrin, or parathion for several generations does not decrease DDT 
resistance. 


No differences in length of life cycle, or size of stages between resistant and non-resistant 
strains were found by Barber and Schmitt, or by Metcalf and March. Pimentel however has 
shown that larvae of resistant flies have a significantly longer cycle than larvae of non- resistant 
strains. He has also shown that, within a resistant strain, larvae pupating the first 48 hours 
of the general pupation period produce flies less resistant to DDT than those transforming 
during the last 48 hours of the period, 
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Bruce states that resistance may be acquired when only the larval stage is exposed to DDI 
and that treatment of both larval and adult stages accelerates the rate of development of re- 
sistance. 


All investigators of the subject apparently agree that flies resistant to DDT can develop 
tolerances for other insecticides more rapidly than those not resistant to DDT. Pimentel has 
shown that DDT-tolerant flies can develop significant lindane resistance after only 6 generations 
of exposure. 


SG eg ee 


THE RELATION OF SPACE FUMIGANTS TO THE PROBLEM 
OF INSECT RESISTANCE TO INSECTICIDES’ 


H. A. U. Monro? 


Science Service Laboratory, Department of Agriculture, London, Ontario. 


Fumigants are poisons which reach the exterior of their target, an insect or other harmful 
organism, in the gaseous condition. ‘Therefore, the problem of the application of these 
poisons is essentially a physical one. The actual mechanism whereby the fumigant enters the 
body and reaches its site of toxic action has little or no relation to this first problem ol 
bringing sufficient quantities of the gas into the region surrounding the organism, so that 
a kill may subsequently be effected. On this physical basis, therefcre, fumigants may be 
divided into two main categories influenced by their field of application; it being understood, 
of course, that some compounds may be employed in both. In the first class are the highly 
volatile compounds, the so-called “space” fumigants, which are required for use in structures 
which can be rendered comparatively gas-tight, such as fumigation chambers, mills, ware- 
houses, railroad cars, ships, tents, and tarpaulins. In the second category aie chemicals of low 
volatility used as soil fumigants and in mill machinery. In such compounds slowness of 
evaporation and diffusion is often an advantage rather than a handicap. The present review 
deals exclusively with the problems encountered with space fumigants. 


This essential volatility of a poison used to fumigate spaces or to penetrate commodities 
is associated with a boiling point close to or below prevailing temperatures found in the 
structures undergoing treatment. This property is necessary in order to achieve the required 
toxic concentration from the beginning of the exposure period and to ensure that the poison 
be rapidly aerated from the structure or material after the completion of treatment. This 
volatility is only exhibited by compounds with low molecular weight, containing a small 
number of atoms, such as F1CN, (hydrocyanic acid gas), CH;Br (methyl bromide), SO, (sulphur 
dioxide), H,S (hydrogen sulphide), CS, (carbon bisulphide), CCl, (carbon tetrachloride), and 
C;H,O (ethylene oxide). Therefore, on purely mathematical grounds, the number of such 
compounds is limited, and it is highly probable that all those suitable for this purpose have 
been investigated at one time or another. When we consider that some of these comparatively 
simple compounds are ruled out on account of undesirable characteristics such as instability, 
inflammability, explosion hazards, corrosion of metals, tainting of foods, or destruction of 
plant material, it is realized that the choice of good fumigants is very limited. 


s 1Contribution No. 86, Division of Plant Protection, Science Service, Department of Agriculture, 
ttawa. 


2Senior officer, Fumigation Unit. 
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This paucity of choice may, therefore, pose.serious problems if, in the future, populations 
of species of insects usually controlled by fumigants develop increased resistance to them. 
It is the purpose of this review to stress the importance of this problem and to warn that 
resistant populations may ultimately be produced by the very intensity of our own control 
measures. 


HISTORY 


It is significant that some of the classic instances of developed resistance are concerned 
with the action of fumigants on insects. The outstanding case, and the one which has been 
most closely investigated, is that of the control of the California red scale, Aonidiella aurantii 
(Mask.) by HCN. This has been the subject of intensive research by a number of investigators 
and the results have been reviewed by Smith, Quayle, Babers, and the speaker. It is note- 
worthy that Quayle reported that strains of this insect, resistant to HCN, were also signific- 
antly more resistant to methyl bromide and ethylene oxide than the normal populations. 
Yust and Busbey also investigated the differential resistance of the two strains to methyl 
bromide. Although in the mature adults, HCN-resistant strains were also more resistant to 
methyl bromide than the ordinary strains, in the early gray adult stage this situation was 
apparently reversed. Lindgren and Gerhardt found no difference between the resistant and 
non-resistant strains in their susceptibility when fumigated with ethylene dibromide. In the 
‘ case of the confused flour beetle, Triboliwm confusum Duv., Gough was able, by a process 
of selection, to develop a strain resistant to HCN. 


DEVELOPMENT OF RESISTANCE IN QUARANTINE FUMIGATIONS 


In a properly conducted plant quarantine fumigation treatment there are presumably no 
survivors. That this ideal of complete mortality has been attained is constantly demonstrated 
by post-fumigation inspections. As the material undergoing treatment is continually being 
drawn from an outside source, to which it is not returned, it is obvious that the problem of 
development of resistance at the point of origin does not occur. However, there is also a great 
responsibility placed on the shoulders of those carrying out such treatments. If, through laxity, 
any small percentage of survival is allowed to occur, the survivors may be exported to some 
other region, possibly carrying with them the potentiality for increased resistance to fumigants 
or other insecticides. 


Another field which has recently been covered by quarantine authorities is the treatment 
of plant products in bulk. Also, the empty carriers, such as the holds of ships, are often fumig- 
ated before they are loaded with such materials. This work has been widely developed during 
recent years by the speaker and his associates of the Division of Plant Protection. It has 
obviously been of great benefit in preventing the spread of large populations of stored product 
insects not only throughout this country, but, in the case of exported material, to all parts 
of the world. However, in this respect, the possible future development of insect resistance 
must not be ignored. 


In Table 1 are presented, in summary, data obtained with all stages of the 
granary weevil employed as test insects, to study the effectiveness of HCN and methyl bromide 
in the fumigation of the empty holds of ships. It must be emphasized that these figures, 
while highly indicative, do not represent the survival of the normal insect populations on 
board the ships. Post-fumigation inspections revealed that the treatments were sufficiently 
successful to make it very difficult to find survivors from the normal fauna. The data does 
warn us, however, that some degree of survival is inherent in this type of commercial treat- 
ment and that in future we must be constantly on the look-out for the development of insect 
resistance in this field. Moreover, the fact must not be ignored that the survivors, if any, 
are being exported from Canada to other parts of the world. Other countries are also con- 
ducting control campaigns by fumigation of their plant products destined for export, and 
from time to time we receive such cargoes. 
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It is clear that if the more important insects attacking plant products are capable of de- 
veloping resistance to fumigants, such potentiality is being circulated freely through the 
commercial channels of the world. This is a much wider field than that concerned with in- 
sects attacking a specialized crop grown in a comparatively restricted area, as in the case of the 
citrus fruits of California. 


Tra ble 


MORTALITIES OF STAGES OF Sitophilus granarius (L.) EXPOSED IN SHIP FUMIGATIONS 
DURING 1948, 1949, AND 1950 IN MON'FREAL, P.Q., AND VANCOUVER, B.C. 


Exposure period 10—12 hours 


‘Treatment Data 


— = I 


Fumigant HCN CH,Br 
Number of ships 17 28 

Tota] space fumigated, cubic feet 2,605,761 7,535,603 
Dosage range, lb. per 1,000 cu. ft. eT ome ee AsO) 


Temperature range, degrees F. of = 1/8 29 — 83 


Mortalities of S. granarius 


HCN CH;Br 

Number Number Percentage Number Number Percentage 

Exposed Survived Mortality Ex posed Survived Mortality 
Beg 17,660 DBIIY 80.64 41,651 4] 99.90 
Ist larval 85,689 357 99:58 48,565 36 SS 

instar 

Arid) 7 26,135 300 98.85 36,333 29 99°92 
Shs ake 16,068 Beye. 97.44 46,742 a4 Owe 
(15 ees 15,373 1,584 89.70 29,703 23 95.92 
Pupa 2,731 302 88.94 5,581 274 95.09 
Adult 6,077 ZONE 63.57 EES 435 97.06 


FUMIGATION HAZARDS 


If carefully conducted by competent persons, a fumigation is far from being a hazardous 
undertaking. Most operations are undertaken so that no part of the human body is exposed 
to toxic concentrations of the gas. In some fumigations, such as mill or ship treatments, how- 
ever, it is necessary for the operators, wearing respirators, to endure brief exposures to fairly 
high concentrations while the structures are being opened for aeration. At such times pro- 
tection is usually afforded by the industrial type of respirator (gas mask) fitted with the 
special canister designed for the type of fumigant being used. However, with all fumigants 
the dangers of skin absorption cannot be ignored, as has been pointed out in connection with 
HCN. 


Despite the comparative safety of handling fumigants, the fact cannot be ignored that, 
by reason of fundamental differences between the respiratory mechanisms of mammals and 
insects, gaseous fumigants are more toxic to human beings than to insects, at the same concent- 
rations and exposure periods (See Table 2.). 


40 REPORT OF THE ENTOMOLOGICAL 


Upalbilkert2: 
ACUTE TOXICITY OF FUMIGANTS TO HUMANS AND INSECTS 


HUMANS (NSECTS? (Shepard et al) 


Median 
FUMIGANT REMARKS Lethal Conc. Exposure |Lethal Conc. Exposure 
mg. / 1. hrs. mg. /l. hrs. 
HCN Normal breathing 0.16 Vy — 1 5.8 ; 5 
Absorption through 
skin with protection 
Dy respirator 20.0 (Anon.) VA 
METHYL BROMIDE] Normal breathing 3.0 Yy— | 7-2! 5 
HCN or Protection by 1 hour 
METHYL BROMIDE] respirator? maximum 


] 


The development of races or strains of insects resistant to fumigants will necessitate in- 
creasing the concentration of the gas or the length of the exposure period, or both, in order 
to bring about the desired mortality. An increase in exposure period alone would be attended 
by a number of possible difficulties in the handling of goods and the availability of structures. 
In some types of atmospheric fumigation in leaky structures, lengthened exposure periods would 
lead to the loss of the fumigant below effective concentration. These developments would 
cause more emphasis to be placed on greater dosage and concentration, thus increasing the 
hazards to those undertaking the work. 


EFFECT ON FUMIGATED: MATERIAL 


All fumigants react in certain ways with the material undergoing treatment. In food- 
stuffs, residues are often formed resulting from the chemical reaction of the gas with the 
food. In some cases undesirable taints or odours are produced even if the residue is not 
actually poisonous. At present the fumigants more commonly employed for treating food, 
such as HCN, methyl bromide, and ethylene oxide can be employed safely at present dosages, 
but the margin of safety is such, according to Dudley and Neal, that any great increase in 


dose or exposure period would inevitably bring out fresh problems of aeration and the 
formation of residues. 


In the case of seeds, nursery stock, fruits, vegetabies, or actively growing plants, several 
fumigants such as HCN, methyl bromide, and carbon bisulphide have been used with varying 
effects on the plant material, but to the speaker’s knowledge there are very few insecticidal] 
problems in connection with such materials that cannot be tackled with the aid of one or 
other of the known fumigants. In all cases, however, great care has to be shown in such treat- 
ments and here again the margin of safety could easily be crossed by increase of dose. 


NEED FOR IMMEDIATE INVESTIGATION 


From this review it is clear that the development of resistance of some species of insects 
to important fumigants has been demonstrated. It is obvious that we must be prepared to 
encounter the same problem with other species in the future. It would be highly desirable 
if the trend in this direction could be studied in advance in the laboratory so that some basic 
information may be obtained before the problem is encountered in the field. 


Sitophilus granarius (L.) 


2Recommendations by manufacturers of fumigants and respirator canisters for exposure to 
normal fumigation concentrations. 
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SUMMARY 


1. The number of chemicals which can be successfully employed in the gaseous form to 
fumigate spaces and penetrate commodities is limited on physical grounds, as only those with 
comparatively simple molecules can be employed. 


2. Development of insect resistance to fumigants has already been demonstrated in several 
important cases and there is no reason to believe that this phenomenon cannot become more 
general. 


3. In some types of commercial fumigation, in structures not specifically designed for this 
purpose, some survival of various stages of insect pests is inevitable, and it is in such sur- 
roundings that the development of resistant populations must be looked for. 


4, If it is found necessary to deal with increased resistance by increased doses of fumigants 
or prolongation of exposure periods, serious problems of human hazard and damage to perish- 
able material may be encountered. 


5. It is clear that advance information on the extent and nature of insect resistance to 
fumigants will be of value in dealing with such problems if and when they arise. 


cele ga Biola t E) 


MORPHOLOGICAL AND HABIT CHANGES CORRELATED 
WITH RESISTANCE TO INSECTICIDAL TREATMENT 


FRANK O. MorRrISsON 


Department of Entomology, Macdonald College 


Mr. H. S. Smith in his, at that time, almost prophetic paper on racial segregation in insect 
populations and its significance in applied entomology, referring to variations in physiology 
said, “These non-visible mutations are just as common and follow the same laws as the visible 
ones”. A review of the literature on insects which have developed strains tolerant to insecticidal 
treatments certainly suggests that such tolerance is a result of some “non-visible mutation”, 
such as a change in a detoxication mechanism or an enzyme system or in the permeability 
of integument or cell membranes. Sternburg et al conclude that DDT-tolerant houseflies absorb 
DDT as readily as non-resistant forms but metabolize it more successfully. ‘There are, however, 
some workers who report habit or morphological differences in insecticide-resistant forms. 
I propose to bring together such references. ‘They are few in number and may be classified 
into: (a) those which refer to changes in habit; (b) those which refer to observed morpho- 
logical differences, and I am including a third somewhat doubtful category; (c) references to 
tolerance being a result of increase of general vigour, which although often no specific mention 


is made of changes in behaviour of structure, would certainly be expected to be accompanied 
by some such changes. 


INSTANCES OF OBSERVED CHANGES IN HABITS OR BEHAVIOUR 


Gray and Kirkpatrick, Pratt et al, Hardman and Craig, and Yust, Nelson and Busbey dis- 
covered and studied the well-known phenomenon of protective stupefaction in California red 
scales, when they are subjected to sublethal dosages of HCN. They also produced evidence 
that this behaviour was different and more favorable to survival in resistant strains. Hough 
found that arsenic-resistant codling moth larvae entered fruit sooner after hatching. One 
might assume that they travelled a shorter distance before entering fruit than did susceptible 
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strains. King & Gahan observed that DDT-resistant flies in barns were resting on feed- 
troughs and untreated floors and aquipment rather than on treated walls and ceilings. This 
they attributed to DDT-repellency. ‘Tests with treated grills showed repellency to occur at 
high dosages only. Personal observations by the reviewer bear out the observations of King & 
Gahan on the preferred resting places of DDT-resistant races of the housefly, but before 
postulating either repellency or habit changes, one would have to eliminate the possibility of 
such flies being intoxicated by sublethal DDT dosages. Certainly they appear sluggish and no 
mention of such behavioural changes has been made by workers rearing resistant laboratory 
strains. . 


INSTANCES OF OBSERVED MORPHOLOGICAL DIFFERENCES. 


Though several investigators studying resistant strains of different insect species have made 
attempts to find morphological differences between resistant and non-resistant forms, the re- 
sults have been negative. Gough made a careful study of a normal and an HCN-resistant 
strain of confused flour beetle reared in the laboratory, but found no morphological differences. 
Sacca is stated to have given the DDT-resistant housefly strain, which he studied in Italy, a 
new variety name. His reviewers (the present writer has not had access to the original paper), 
however, state that he describes no morphological differences. Wiesmann on the other hand, 
in his studies in Switzerland, devotes a whole section of his paper to morphological differences 
in his resistant (Arnas) strain. ‘The following is an abbreviated and somewhat liberal trans- 
lation of that section in part with tables omitted: 


“J. Melanin content of the appendages. 


If fresh, normal, unstained legs of both fly strains are examined in water under the micro- 
scope the following differences will be found: 


Basler strain (non-resistant): cuticle grayish-black in color, hair papillae white, tracheae 
in the tibia clearly visible, setae dull gray; completely bleached after 26 hrs. in dia- 
phanol. 


Arnas strain (resistant): cuticle black, opaque; hair papillae yellowish brown; tracheae in 
tibiae not visible, setae very black; only completely bleached after 72 hrs. in diaphonal. 


The general integument is also more deeply pigmented in the Arnas strain while the 
tarsal setae are stiffer. 


2. Morphology of the tarsi 


Tarsal segments of the prothoracic leg were measured in a number of flies of each strain 
and averages suggested that they were more nearly equal in length in the resistant strain, the 
first tarsomere (counting from the apical end) being shorter than in the susceptible strain. 
The tarsi of the Arnas strain were also broader and generally more sturdy”. Unfortunately the 
author attempted no statistical analysis of his data and the differences shown are very slight. 


“The cuticle on the ventral side of the Ist and 2nd tarsomeres of the prothoracic leg was 
definitely thicker.” 


Wiesman suggests that the thicker cuticle, denser pigmentation, stiffer bristles, and the, 
relatively smaller size of the first tarsomere in the resistant strain are associated with the 
acquiring and adsorbing of less DDT from residues on surfaces. 


INSTANCES OF A GENERALLY GREATER VIGOUR AND RESISTANCE TO OTHER 
CHEMICALS AND ENVIRONMENTAL HAZARDS. 


Melander, who is credited with first observing resistant-strain phenomena in the San Jose 
scale, found no evidence that lime-sulphur resistant forms had any especial tolerance of oil. 
Quayle suggested that HCN-resistant California red scale displayed resistance to other fumi- 
gants and oil, while Lindgren and Dickson, and Cressman deny the resistance to oil. Lind- 
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gren & Gerhardt found no resistance to ethylene dibromide, and Munger reports no difference 
between California red scale strains in reproductive ability, normal mortality or developmental 
time. Hough produced considerable evidence for the theory of increased general vigour in 
arsenic-resistant codling moth populations. The arsenic-tolerant strain was shown to be tolerant 
of many: other insecticides including some fumigants and it was even more difficult to starve 
than the normal strain. Babers cites B. R. Bartlett as having selected out DDT-, tartar 
emetic- and HCN-resistant strains of Drosophila and finding the HCN-resistant strain re- 
sistant to diethyl ether, exposure to cold, and anaesthesia, while the DDT-resistant strain was 
resistant to the fluorine analogue of DDT and to HCN. 


Knipling reported on screwworms resistant to phenothiazine, but not to certain other 
chemicals. Garman reporting on parathion-resistant red spider, speaks of adequate control 
by tetraethylpyrophosphate. 


Reports on DDT-resistant houseflies are conflicting. Various workers report strains with 
different degrees of resistance to DDT analogues but no general resistance, others report 
generally increased vigour. ‘The following is not a complete list of references to cross toler- 
ances but indicative of the general findings. Wilson & Gahan considered their stock of DDT- 
resistant flies as an unusually strong one, resistant to several insecticides. March and Metcalf 
found DDT-resistant flies resistant to BHC and to Compound 497. Barber et al found their 
stock resistant to DDT and methoxychlor only. 


Blickle et al found DDT-and thiocyanate-resistance doubled in a strain accidentally ‘ex- 
posed to benzene hexachloride. Barber and Schmitt interbred the tolerant and_ susceptible 
strains to prove them conspecific. ‘Their resistant strain showed high resistance to DDT 
and analogues, but no resistance to other insecticides. The pupal weight of the resistant 
strain was slightly lower and the pupal mortality higher, which does not seem to indicate 
high vigour. Babers considers their conclusion about resistance to other insecticides unwar- 
ranted from the data presented. 


Barber selected out fly strains with different pupal shapes, and Starnes states that six 
pupal types were recognized, occurring in different proporations in twenty-one strains reared. 
Though three were resistant strains and two were highly susceptible, no correlation with pupal 
type and resistance has yet been suggested. 


Barber et al claimed to have developed strains resistant to pyrethrum and to an unnamed 
botanical extract but not to DDT. The resistant strains had heavier pupae. Pratt and 
Babers selected out strains resistant to DDT and resistant to a mixture of insecticides, then 
tested cross resistances to individual materials. ‘The authors do not deny the existence of 
specific resistance but suggest that a high degree of the resistance encountered is of a general 
nature and probably indicative of increased vigour. Wiesman found that his resistant strain 
of flies in Switzerland were more slowly affected by and less susceptible to high temperatures, 
more slowly affected by cold and more resistant to it, took longer to be anaesthetized by 
methyl acetate and almost twice as long to regain activity. It is interesting to note in this 
connection that Bucher et al were unable to select out a stock of houseflies with increased 
pupal resistance to cold. 


I opened the discussion with a quotation from the H. S. Smith paper, I should like to 
close it with another one from the same source, dealing with the supposed increased general 
vigour of Hough’s arsenic-resistant codling moth race: “If, however, the Colorado race is 
superior to others in its resistance to so many kinds of unfavorable environmental in- 
fluences... it is difficult to understand why this superior race has not become dominant 
everywhere regardless of the application of arsenicals’”. This statement is later qualified by 
the suggestion that if the more vigorous race should prove to have a lower reproductive pot- 
ential (which appears to me unlikely) the situation is theoretically understandable. 
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SELECTION FOR DDT TOLERANCE IN 
MACROCENTRUS ANCYLIVORUS?* 


1D. oP: Perro; 


Dominion Parasite Laboratory, Belleville, Ontario. 


I need hardly mention the concern with which biological control specialists view extensive 
insecticidal operations, because destruction of beneficial parasites may in the long run produce 
a situation worse than that which existed in the first place. 


Since, however, it is now clear that resistance to DDT and other insecticides can develope 
in pest insects, it is a fairly obvious approach to the problem to attempt to produce resistant 
strains of beneficial parasites. The production, release and successful establishment of such 
strains might do much to solve the contradiction involved in simultaneous chemical and bio- 
logical control measures. 


From the practical point of view, in this project, we are concentrating our efforts, at 
Belleville, on an attempt to produce a DDT-resistant strain of Macrocentrus ancylivorus. This 
well known parasite attacks, and is a formidable enemy of, the Oriental Fruit Moth in North 
America. 


In Canada, this parasite was introduced into the Niagara peninsula of Ontario in 1929, 
and is generally considered to have saved the peach growing industry there, which had been 
threatened by the appearance of the Oriental Fruit Moth about four years earlier. Today 
extensive spraying operations, introduced to supplement the control afforded by this parasite, 
are a danger to its existence. The value of a resistant strain is obvious. 


From the purely theoretical point of view Macrocenirus is not a very good insect for this 
sort of experimental investifation. The insect is reared by the method of Finney, Flanders 
and Smith—an elaborate and rather expensive procedure involving bulky equipment and 
taking up much laboratory space and time. It is a continuous “conveyor belt” process; at one 
point egg-laying parents are added each day, and at another, the day’s crop of young Macro- 
centrus is taken off. This breeding unit cannot be replicated with the space and labour at 
our disposal. Therefore we cannot, as we would like to, breed up independent stocks, each 
differently treated, and cross these various stocks in order to make a genetic analysis. 


Our operations are confined to selection alone, a continuous daily selection, performed 
on our one large continuous breeding unit. I may add that parallel theoretical studies are 
being made on Drosophila, in which case, we are able of course, to rear as many differently 
treated stocks as we please. 


Before commencing selection we therefore made an extensive determination, involving 
over 50,000 insects, of the DDT-resistance characteristics and other physical characteristics of 
survival of this original ancestral stock. These data provide a standard of reference for future 
observations. Once selection is underway we are changing the characteristics of the insects 
and we cannot go back to the original stock. 


In order to carry out our DDT tests, and selection, on large numbers of insects quickly 
and conveniently, a new technique was developed for making thin crystalline films of DDT 
in a celloidin base on glass plates. Films deposited from ordinary solvents frequently leave 
deposits which crystallize irregularly and only in places; elsewhere the DDT may be present 


*Verbatim report of a Contribution to a Symposium on the “Development of Resistance in 
Insects to Imsecticides’’ at the 8Ist Annual Meeting of the Entomological Society of Ontario, 
November, 1950. 
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in a supersaturated or amorphous form which is likely to crystallize out as insects walk across 
it. The method devised, described elsewhere, provides films which have a known and specified 
amount of DDT in a given area, uniformly distributed and unquestionably crystalline. 


Extensive data have been obtained on the DDT-1esistance of the original laboratory stock 
using different times of exposure to such films (from 1 to 8 minutes) and different concentra- 
tions of the crystalline films (from 23 to 69 micrograms per sq. cm.). 


Evaluation of mortality has been made not at one specific time after treatment but at in- 
tervals throughout the major part of the life period of the species. (The species is short lived 
and very few adults live to be 15 days old). 


It is evident from the data that the effect of the DDT is complete within 40 hours; after 
that time any further mortality is due to natural death. The effect of DDT is, then, to pro- 
duce a high early life (or young adult) mortality—since we conduct our experiments always 
on one age group—on those newly emerged adults less than one day old. 


In the case of all but the highest DDT intensities there is then a “tail” of survivors. 


These survivors are naturally fewer in number than in the controls but an examination 
of the daily death rate (that is the proportion: the number dying in one day to number alive 
at the beginning of that day) shows them to be dying more slowly than those in the controls. 


In other words even under catastrophic conditions of selection (not the best condition) 
destruction of the population is not random; the survivors, presumably tougher towards DDT, 
are also longer lived. 

We hope that this selected variation contains a genetic element, for it is this tail of sur- 
vivors that we use in the selective breeding experiments which have followed this quantitative 
description of the DDT characteristics of the original stock. 


Our selection experiments, which have involved over 100,000 insects to date, have been 
continued daily (for some 90 days so far) and over more than four overlapping generations 
in the continuous breeding unit; DDT selection of parents has been made each day, 7 days a 
week, from our daily crop of 1000—2000 insects. 


Using a standard film concentration of 23 micrograms pei sq. cm. and an exposure time 
of three minutes, our survival has increased from an average around 30% daily to 90% daily 
(making evaluation 40 hours after exposure) comparable with the figure for control survival 
in our original tests. 


We now need to use a film of 69, instead of 23, micrograms per sq. cm. for three minutes 
to reduce survival again to the 30% level. We may say therefore that the selected stock is at 
present roughly three times more resistant than the original laboratory stock. 


We regard this rapid increase in survival as most promising and we are now increasing 
our exposure concentration and continuing our selection at the increased dosage. 


We cannot say, at present, how often we shall be able to increase dosage in this way and 
continue selection—but presumably a time will come when we have selected a pure line, with 
maximum resistance to DDT, and upon which selection will have no further effect. 


This will be the time to breed up the resistant stock on a large scale and make mass re- 
leases against the host insect. 
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THE DEVELOPMENT OF RESISTANCE OF INSECTS TO INSECTICIDES 


HUBERT MArTIN! 


Science Service Laboratory, Department of Agriculture, London, Ontario. 


The unwanted selection of resistant strains is a potential danger of all insect control 
measures, whether chemical, cultural or by the use of resistant varieties of host plant. The 
appearance of biologic forms able to attack his resistant varieties is a constant threat to the 
plant breeder; crop rotation favours the survival of strains of longer resting period. For these 
reasons, an attack on the chemist such as that made by Wigglesworth in his presidential address 
to Section D of the British Association is unrealistic and, if anyone is to be blamed for the de- 
velopment of insecticide resistance, it is the entomologist who has advocated the widespread use 
of a single insecticide without regard to ecological consequences. 


The problem of the resistant strain should serve only for the encouragement of research on 
its origin and prevention. Among several lines along which this research could proceed are: 
(1) the elucidation of the genetical basis of the development; (2) studies of the mechanisms 
whereby tolerance to the insecticide is acheived and of the inhibition of these mechanisms; 
(3) the selection of insecticides to which a given insect population shows a low degree of var- 
iability; (4) the selection of contrasted pairs of insecticides such that those individual insects 
resistant to the first are susceptible to the second, and vice versa, whereby the survivors of the 
treatment are those of the intermediate resistance and their progeny will have no preponderance 
of the resistant genes. 


CONCLUDING REMARKS 


A. W. A. Brown: ‘This brings us to the end of our list of chosen speakers, and time is running 
out. I would like to call on certain others, such as Professor Baker and Mr. Ross, to say 
a few words, but I am not going to do it. Instead, as a token of the general discussion 
which we had hoped to have, may we call for just one question from the floor. 


Visitor from Pakistan: I have been much interested in these presentations but I am confused. 
Conflicting statements Fave been made — what message on the subject can I take home 
with me? 

A. W. A. Brown: We can certainty sympathize with your feelings, sir. There are so many 

features in the resistance problem which are inconsistent. In the first place, after hearing 

several submissions today one would be inclined to doubt whether DDT-resistance in houseflies 
actually existed; whether it was not just a matter of comparing healthy vigorous wild flies 
with a laboratory strain in which all the runts and other inferior genotypes had been allowed 
to survive. Certainly it would appear reasonable to conclude that cases of a slightly increased 


level of DDT-resistance in field populations as compared to laboratory strains may be ascribed 
to this cause. 


In the second place, there is the vexed question of reversion or loss of resistance in succes- 
sive generations withheld from DDT treatments. If the factors of resistance are genetic, as 
opposed to cytoplasmic factors or characters acquired from the environment, the level of re- 
sistance should axiomatically be maintained in the stock. And so it was with pleasure that 
we heard that, despite the reversion in the DDT-resistant stocks found in the Savannah labor- 


1Director 
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atory, the DDT-resistant strains in California (such as the Bellflower) maintained the level 
for several generations. Now Dr. Schwardt has given us the sad news that the California strains 
do eventually show reversion, while the several strains maintained at Orlando have shown 
fluctuations in resistance. The most satisfactory explanation for these results from the genetical 
standpoint is to presume that the resistant strains, when collected in the field, had not yet 
attained complete homozygosity for the genes responsible for resistance. 


In the third place, there is the question of whether a single gene or multiple genes are 
involved. Evidence so far suggests that the factor or factors for DD'I-resistance in houseflies 
do not show dominance, since the hybrids (normal x resistant) are intermediate in resistance. 
There is no sex linkage, since reciprocal crosses are identical. Bruce and Decker in [llinois 
conclude that the fact that the hybrids show a greater variability than either parent strain 
constitutes evidence that resistance involves multiple genes. However Miss Harrison at the 
London School of Hygiene has evidence of clear segregation in the F, generation of hybrids, 
which would indicate that single or few genes are concerned. Nevertheless, both the Orlando 
and the Illinois workers have found that in articially-induced resistant strains the full re- 
sistance is not obtained until approximately the 20th generation; if this is taken as the time 
necessary to attain full homozygosity, it is good evidence that multiple genes are involved. 


In the fourth place, there is the question of the physiological causes of resistance. It must 

be stressed that the terms physiological and genetic are not mutually exclusive; indeed every 
physiological character has its foundation in a genetic factor. ‘The evidence suggests that there 
may be various causes of resistance to DDT by houseflies. In the Arnas strain it was asso- 
ciated with thicker tarsal cuticles, which however proved not to be the case in the American 
strains studied at Cornell. In the Cornell strains it has been associated, as Dr. Schwardt has 
found, with a greater size and vigour connected with a longer larval period. In the Illinois 
and California strains it was associated with a greater ability to detoxify DDT by dehydro- 
chlorinating it to DDE, and in the Ellenville strain to a higher cytochrome oxidase activity. 
It has been suggested by Bruce and Decker that a change in roosting habits of the houseflies 
may be a factor in conferring apparent resistance to residual sprays of DDT. 


The rapid rise of DDT-resistant strains of houseflies has thus focussed attention on the 
many-sidedness of the problem of insect resistance in reponse to insecticides. On _ the 
physiological side it may be due to differences in habit, cuticle, enzymes, or general vigour, 
or to combinations of any of these factors. On the genetical side, single, few or multiple genes 
may be involved. Moreover, the same species may well respond to the same insecticide in 
different ways in different areas. ‘The overall problem is a challenge to the breadth and depth 
of the entomologist’s training and ability as an investigator. 
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RESULTS OF SPRAYING 
FOR THE CONTROL OF THE ORIENTAL FRUIT MOTH, 
GRAPHOLITHA MOLESTA (BUSCK), IN ONTARIO, 1946—1950° 


G. G. DusTAn?, W. L. PurMAN® and H. R. Boyce? 


Dominion Fruit Insect Laboratories, Vineland Station and Harrow 


After a long period in which the oriental fruit moth, Grapholitha molesta (Busck), had 
caused comparatively little injury, a severe infestation did considerablé damage to peaches 
in the Niagara Peninsula in 1945. Some preliminary experiments in the fall of that year 
indicated that DDT might be of value in its control, and in 1946 and subsequent years extensive 
trials were carried out, both in the Niagara Peninsula (Lincoln and Welland counties). and 
in southwestern Ontarie (Essex County). . 


The present paper deals only with the direct effect of sprays upon the oriental fruit moth. 
Parallel studies on the influence of the insecticides upon the fauna of peach orchards have 
been carried on since 1946, and a considerable amount of data has been accumulated on the 
effects on other peach pests and on their biological control factors; but this will not be re. 
ported until more information has been obtained. 


STATUS OF THE INFESTATION, 1946—50 


In general, the oriental fruit moth caused only light to moderate injury in 1946, except 
in a small group of orchards near Port Dalhousie, where second-generation larvae severely 
injured the fruit. A general increase occurred in 1947 in both the Niagara Peninsula and 
southwestern Ontario, although injury was not particularly severe except in a very heavily 
infested strip along the shore of Lake Ontario from Jordan Harbour to Grimsby Beach. 


1Contribution No. 2768, Division of Entomology, Science Service, Department of Agriculture, 
Ottawa, Canada. 


2Officer-in-Charge, Dominion Fruit Insect Laboratory, Vineland Station, Ontario. 
8Agricultural Research Officer, Dominion Fruit Insect Laboratory, Vineland Station, Ontario. 
4Officer-in-Charge, Dominion Fruit Insect Laboratory, Harrow, Ontario. 
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The infestation increased still further in 1948, and in most of the peach-growing areas of 
Ontario the moth caused more injury than at any other time since its discovery in 1925. 
Injury on Elberta peaches averaged 42.3 per cent in unsprayed plots in the Niagara Peninsula. 
Where DDT was thoroughly applied losses were greatly reduced, but far too much injury 
occurred in many orchards, especially where sprays were applied only against the third 
generation. 


In 1949 the population of the moth dropped greatly throughout the province, the average 
injury on- unsprayed Elbertas. in the Niagara Peninsula- being. approximately 9 per ~cent. 
A further decline occurred in 1950. Although part of the reduction during 1949 and 1950 
was due to the use of DDT in practically all orchards, climatic factors and parasitism were 
also responsible. 


TIMING SPRAY APPLICATIONS 
The oriental fruit moth has three generations and sometimes a partial fourth each year 
in Ontario. First-generation larvae confine their feeding largely to the twigs in late May and 
June. Second-generation larvae feed in July and early August in both twigs and fruit, the 


latter sometimes being attacked by partially grown larvae that leave hardening twigs. Few 


newly hatched larvae can enter the hard, green fruit in July. The third generation, and the 
fourth, if present, feed during the rest of the season almost entirely in the fruit, at the time 
of year when it is softening and readily permits entrance of the larvae. 


From this knowledge of the life-history, it was concluded that the number of DDT sprays 
would vary with the particular generation to be controlled. Three or more sprays would be 
needed to protect the rapidly growing twigs from first-generation larvae; one or more to 
protect twigs and fruit from the second generation; and one or two sprays to protect ripening 
fruit from the third generation. Preliminary experiments elsewhere indicated that three weeks 


before harvest was as late as DDT could b applied to peaches without leaving too much toxic 


residue. The arrangement of the applications in the experimental schedules is outlined in 
Table I. The schedules including sprays for second-generation larvae were applied in their 
entirety only to late varieties, including Elberta and the “V’ varieties Vedette, Veteran, and 
Valiant. On earlier varieties the last one or two applications were omitted. The modification 
of schedules to cover peach varieties ripening ‘over seven weeks or longer has been very 


difficult.. The intervals between applications were sometimes altered when moth development 
was advanced or retarded by temperature changes. Emergence of moths in the insectary and 


catches in bait pails were used to determined the periods of flight. 


Throughout the experiments the objective has been an economically sound spray schedule 


-that would give commercial control of the oriental fruit moth and at the same time do as 


little harm as possible to the biological complex of parasites and predators of the moth and 


of other peach pests. It was assumed from the beginning, and it has been confirmed by ‘field 
experiments, that the earlier and the more frequently DDT is applied the greater is the 
danger of upsetting the biological. balance in the orchards. 


As it was thought in 1946 that the outbreak would soon subside and that parasites and 
climatic factors would continue to provide the chief protection against severe injury, as they 
had in the past, experiments at first were confined to tests against third-generation larvae 
attacking late varieties, especially Elberta. Injury from this generation is particularly ob- 
jectionable because many of the infested fruits do not bear any obvious external symptoms. 
Fruit with his so-called invisible injury cannot be culled out during packing, and as ‘it 
reaches the consumer it has a very serious effect on the sale of peaches. Spraying for first- 
and second-generation larvae was purposely avoided, primarily because of the possible in- 
jurious effect it might have on the parasites of the moth. Also, the amount of early injury 
then prevalent did not appear to justify the cost of additional sprays. However, as the severity 
of attack continued to increase from 1946 to 1948, the loss from second-generation injury be- 
came very serious and the investigations were expanded to include sprays for the control of 
the earlier generation. Others of the newer insecticides were also tested. 
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Tab tke st 


TIMING OF SPRAYS IN EXPERIMENTAL SCHEDULES 
FOR ORIENTAL FRUIT MOTH CONTROL 
IN ONTARIO, 1946 TO 1950 


Timing of sprays for indicated generation 


Schedule First Second Third (Fourth*). 
A 0 0 | (1) 3—4 weeks before harv°st 
B o.. . 0: (1) 6 weeks before harvest 
| | (2) 3 weeks before harvest 
C 0 (1) Just before peak flight (1) 6 weeks before harvest 
(2) 3 weeks before harvest 
D 0 (1) 3—4 days before peak (1) 3—4 weeks before harvest 
i | _ flight 
(2) 2 weeks later 
E 0 (1) 6—7 days before peak (1) 3—4 weeks before harvest 
flight 


(2) 10—13 days later 
GOS 3) days jattem 5 (2) aia 
F (1) Petal-fall (1) 3—4 days before pea (1) 6 weeks before harvest 
| flight 
(2) Shuck-split (2) 3 weeks before harvest — 
(3) Shuck-fall 
(4) 10 days later 


G (1) Shuck-split (1) 3—4 days before peak (1) 3—4 weeks before harvest 
flight | 
(2) Shuck-fall (2) 2 weeks later 


(3) 10 days later — 


The effects of the insecticides on the parasites of the oriental fruit moth will be treated 
in later papers. However, it may be said here that the extensive use of DDT by growers 
against second- and third-generation larvae in practically all bearing peach orchards for two 
seasons has had no detectable effect on parasitism by the most important species, Macrocentrus 
ancylivorus Rohw. x 
METHODS AND MATERIALS 

Most of the experimental plots contained from 25 to 100 trees (one-quarter to one acre). 
In one orchard each plot contained five trees and in another, about 250 trees. It was not 
always possible to replicate the plots because few peach orchards contain large blocks of one 
variety. 

All sprays were applied from the ground with conventional power sprayers unless other- 
wise stated. Approximately three to six gallons were applied per tree, depending on the size 
of the latter. Wettable sulphur and various acaricides were added to certain applications in 
some plots, but as they did not have any obvious effect on oriental fruit moth control they 
will not be listed. 

The quantities of materials given are those for the amounts of the complete formulation 
per 100 gal. of spray. Specifications of the materials were as follows:— 


DDT.—Fifty per cent wettable powder, from various sources. 
Prathion.—Fifteen or 25 per cent wettable powder, from various sources. 


Ethyl p-nitrophenyl thionobenzenephosphonate (EPN-300).—27 per cent’ wettable powder. 
E. I. duPont de Nemours & Co., Wilmington, Del. 


*Fourth generation present in appreciable numbers only in 1949. 


a 
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DDT FOR CONTROL OF FRUIT INJURY 


EXPERIMENTS WITH DDT AGAINST THIRD-GENERATION LARVAE ONLY 


1946.—Duplicated one-acre plots of Elberta in two orchards in the Niagara district were 
given two third-generation sprays approximately six and three weeks before harvest. Each 
application contained 2 Ib. of 50 per cent DDT per 100 gal. 


The results, given in Table II, showed that DDT had been effective in reducing the amount 
of late injury and especially the externally invisible injury, in orchards with comparatively 
light infestations. The first application appeared to be poorly timed, for very few months 
were caught in bait pails until after the last spray. 


Table II 


EFFECTIVENESS OF DDT IN THE CONTROL OF THIRD-GENERATION LARVAE 
OF THE ORIENTAL FRUIT MOTH IN ELBERTA PEACHES, 1946 


Perceniage 


Plot DDT 50%, lb. Spray Total Percentage fruit injury reduction 
per 100 gal. dates fruit Old New ‘Invisible’ Total in injury 

Orchard 1 

A 2 Aug. 5 & 26 Dxert® bush) Oe) 0.5 6.5 62.5 

B Z, Aug. 5 & 26 O02 16:27 10:3 OFS reer O:8 60.8 

C Check 0. | = eG 501 Aa 316 6.3 17.3 | — 

Orchard 2 

A 2 Aug. 3 & 22 OODe 4 OL 0.7 5.6 69.0 

B 2 Aug. 3 & 22 ages Gell Oe 1.2 5.6 69.0 


C Check 0 — SIL G8) well 10.9 18.0 — 


1947.—The same treatments were applied to the plots used in 1946. The control, as measured 
by the reduction in injury in the treated plots (Table III), was slightly better than in 1946. 
The general level of the infestation, however, was so much higher that the injury in the 
sprayed plots was too great to be considered good commercial control, especially as six to 
seven per cent of the fruit carried ‘invisible’ injury that could not be culled out. 


Table Ill 


EFFECTIVENESS OF DDT IN THE CONTROL OF THIRD-GENERATION LARVAE 
OF THE ORIENTAL FRUIT MOTH IN ELBERTA PEACHES, 1947 


: Percentage 

Plot DDT 50%, lb. Spray Total Percentage fruit injury reduction 

per 100 gal. dates fruit Old New ‘Invisible’ Total in injury 
Orchard 1 
A 2 Aug. 7 & 27 886 4.0 0.6 6.0 10.5 - UL 
B 2 Aug. 7 & 27 1925 33 0.8 2 Ing WBA 
C Check 0 — LOO?” S88 28) 30.6 Beas: lio 
Orchard 2 
A 2 Aug. 9 & 25 DAs Za kee 6.8 AT (| 
B 2 Aug. 9 & 25 Dab Oro. 3) leo 6.9 He 73.8 


C Check 0 _ 073g Om 1610 31.9 43.8 


Oa REPORT OF THE ENTOMOLOGICAL 


Records of moth flight again, suggested that the first application had been of little value. 


Also, a number of tests were run by growers under the supervision of officers of the labor- 
atory. The results generally agreed with those from the two experimental orchards although 
many of the growers did not spray nearly so thoroughly as the laboratory staff and consequently 
failed to get as good control. It was evident from both the experimental trials and the 
growers’ experience that third-generation sprays alone could not cope with heavy infestations 
and that additional sprays against the second generation were also necessary in this area. 


EXPERIMENTS WITH DDT AGAINST SECOND- AND THIRD-GENERATION LARVAE 


1948.—The alarming increase in populations of the moth led to an expansion of the in- 
vestigations in 1948, four schedules being tested in eight orchards in the Niagara Peninsula. 
The results are given in Table iv. 


IP eho ile shy 


EFFECTIVENESS OF DDT SPRAYS 
AGAINST THE SECOND AND. THIRD GENERATIONS . 
OF THE ORIENTAL FRUIT MOTH ON ELBERTA PEACHES, 1948 ' 


Percentage 
Plot DDT 50%, lb. Spray Larval Total Percentage fruit injury reduction 
per 100 gal. dates generation fruit Old New ‘Invisible’ Total in injury 
Orchard 1 
A 2: | Aug. 26 3rd Dy ase Oe) 7.8 21 67.2 
B Check 0 is a) pemhO132 191. = 40) 408 64.3 — 
Orchard 2 
| ee ce alee 2 ‘Aug. 5 & 24 Gol AVbke OE 1:8 > See 49.1 
B Z Aug. 5 & 24 31rd BOTO™ 1722 70:6 Le oF ah ibe 
C Check ‘ 0 = = Sates (OL 9 OY) 9.0 16.5 = 
Orchard 5 
A 2 Aug. 25 3rd GSH ele 3) ae 7.6 24.0 22.6 
B 2 Aug. 3 & 25 3rd 1014-183 1.8 TN Ter 10.7 
C 2 July 15 2nd 
ag 2 SNUG Be rAy > aya) SS Oak) OY 20h aide ‘1675 

D Check 0 — — NIG if 2oe On se ae She = 
Orchard 6 
Maree 22 Aug. 9 & 25 Rol DAO Sip NG 4.0. scueteaal 30.3 
B 2 July 15 2nd esa 

2 Aug. 9 & 25 3rd LSi2 Abe OA O:5 5 70.4 
C Check 0 — = 2329), 9:68 8.1 18.5 = 
Orchard 3 
A 2 Aug. 19 3rd flea Wy 1Bt 4.3 Liz 55.7 
B 2 Aug. 2 & 19 3rd L276. 20.0. . 0:5 Zl 22.6 ash 
C 2 July 15 2nd 

z Aug. 2 & 19 3rd 2048 55 04 ila) 74 81.5 
D Check 0 — 20 26 le2 17.3 40.1 — 
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Table IV cont’d. 


Percentage 
Piet sDODT 507, lb. Spray Larval Total Percentage fruit injury reduction 
per 100 gal. dates generation fruit Old New ‘Invisible’ Total in injury 
Orchard 4 
A* 2 July 10 & 20 2nd ~ 
2 Sm Auie 525 3rd 3,486 49 0.5 5.2 10.6 80.1 
BS 3 Sige: 2 July 15 2nd | 
Aug. 4 & 25 3rd endure te (I) a3 A! 76.6 
C Check 0 = = 1990S 52-8) 1 bal E5E2 53.1 - 


The value of one versus two sprays for the third generation may first be considered. 
Orchard 1 may be compared with orchard 2; in orchard 5, plot A with Plot B; and in orchard 
3, plot A with plot B. In each case one spray gave better control than two, an anomaly due 
to plot-to-plot variation in infestation. 


The reduction in injury given by third-generation sprays alone varied from approximately 
1] to 67 per cent, much too small to prevent serious losses from the high infestation prevalent 
in 1948. Where one application against the second generation was used in addition to the 
third-generation treatments, as in orchard 5, plot C; orchard 4, plot B; and orchard 3, plot C, 
control was greatly increased. ‘The reduction in injury ranged: from 67.2 to 81.5 per cent; and 
the total injury varied from 5.5 to 12.4 per cent. 


There was no direct comparison of one and two second-generation sprays with the same 
number of third-generation sprays in each case. In orchard 4, two second-generation sprays 
plus one for the third generation (plot A) gave somewhat better control than one second- 
and two third-generation sprays (plot B). . 


1949.—The results of experiments in which DDT was used. against fruit-infesting larvae 
are given in Tables V and VI. Orchard 8 (Table V) was situated in the Niagara district, and 
orchard 11 (Table VI) was the Science Service orchard at Harrow in southwestern Ontario. 


aiaubplemea-V 


EFFECTIVENESS OF SPRAYS OF DDT AND PARATHION 
AGAINST THE SECOND AND THIRD GENERATIONS OF THE 
ORIENTAL FRUIT MOTH; ORCHARD 8, NIAGARA PENINSULA, 1949 


Percentage 
Larval Total Percentage fruit injury reduction 


Plot Pounds per 100 gal. Spray 
generation fruit Old New ‘Invisible’ Total in injury 


DDT Parathion dates 


50% 15% 
Variety Elberta (averages for duplicate plots) 
A1& A2 2 == June 27 & 
July 13 2nd 
14 == Aug. 15 3rd 2,002 2.0" “04 li sf 2)| 61.2 
BI& B2 2 %4 June 27 & 
July 13 2nd 
114 = Aug. 15 3rd ee OM AU 19 3.8 68.5 
C1&C2Q 2 = June 27, 
July 9 & 18 2nd 
114 = Aug. 15 3rd 265200 0,9) Oe 0.3 1.6 Well 


*Average of 2 plots. 
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i abake “Wo scontid: 


Percentage 


Plot Pounds per 100 gal. Spray Larval Total Percentage fruit injury — reduction 
DDT Parathion dates generation fruit Old New ‘Invisible’ Total in injury 
D0 Dy, . 

e122 = June 27 2nd 

2 % July 9& 13 2nd 
1% — Aug. 15 3rd rapgrAd) Ibis We) 0.5 2.6 78.5 

El & E2 

Check — ~ -- — ALOT Os. 18 5.4 12.1 — 

Varieties Vedette and Veteran (averages for duplicate plots) : ; pica is 

AMS AZ 2 = June 27& 

July 13 2nd | 
114 — July 27 3rd S493 os eee 0.5 3.8 720 
B1&B2 2 34 June 27 & 
July 13 2nd 
114 — July 27 3rd ZOOS a Olea 0s2 0.4 Dee 84.2 
C1L&C2 2 — June 27, 
: July 9&18 2nd 
1% = July 27 3rd ZaAC SANS OAS 0.7 B30) hoe) 
DI & D2. 2 = June 27 2nd 
2 3 july 9& 13 2nd 
1% = July 27 3rd 2289s Sly = 0.2 123 4.6 66.7 
El & E2 | 


Checks — = ie SREY Gad, SG 47 13.8 x 


Only one third-brood application was used in each case. The amount of: DDT in this spray 
was reduced to 114 Ib. to avoid excessive residue on the fruit. This rate was not directly 
compared with the former one of 2 Ib., but it gave reasonably good control of ‘invisible’ injury 
in all plots except the Valiant variety in plot E, orchard 11 (Table VI). 


Three sprays directed against the second generation were decidedly more effective than two 
in orchard 8 on Elberta (Table V) but not on ‘V’ varieties. The use of parathion as an 
acaricide in some of the plots will be discussed later, but it obviously did not increase the 
degree of fruit moth control over that given by DDT alone. 


Table VI 


EFFECTIVENESS OF DDT SPRAYS 
AGAINST THE SECOND AND THIRD GENERATIONS OF THE 
ORIENTAL FRUIT MOTH IN ORCHARD 11, SOUTHWESTERN ONTARIO, 1949 


Percentage 
Plot DDT, 10. Spray Larval Total Percentage fruit injury reduction 
per 100 gal. dates generation fruit Old New ‘Invisible’ Total in injury 
Variety Elberta 
A Zz, June 24, July 5 
& 18 2nd 
1144 Aug. 15 3rd 2012. OL O22 0.0 0.7 Dies 
B 2 June 28 & July13 2nd 
1144 July 25 2nd 
114 Aug. 3rd LGANS,. le. I 0.0 1.4 90.5 
C 2 June 24, July 5 
& 18 2nd 


1144 Aug. 15 3rd 1G jay eo Oe 0.0 1.3 90.8 
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iabie VI cont'd: 


| Percentage 
Plot DDT 50%, lb. Spray Larval Total Percentage fruit injury reduction 
per 100 gal. dates generation fruit Old New ‘Invisible’ Total in injury 

D 2 June 28& July 18 2nd 

14%, Aug.15 3rd mROCOR ees “05 ee 4.2 86.2 
E 144 Aug.15 3rd R657 >.0 a kh 0.0 6.6 14 
F 
Check - = _ 6s 186 5.2. lo 30.4 — 
Variety Valiant 
A Zz june 24, July 5 

& 18 2nd 

lA july 25 3rd ie OS OL 0.0 107% 97.2 

B 2 June 24, July 5 
& 18 2nd edge 0 9e a Out 0.0 1.0 95.9 

Cc 2 June 28 & July 13. 2nd. 

ly, = July 25 3rd IES bi 210.9 1.5 aed 81.1 
D 2 June 28& July 13 2nd Gy 7s) ele 1 5.0 79.0 
E Hp ajuly25 3rd M28) 73 -OK all 5S 9.6 59.6 
F 
Check = — = 1310) eb Ope moe! Mee Zoaf = 


In orchard 11, in southwestern Ontario, the three second-generation sprays were superior 
to two on all varieties. It should be noted that the development of the moth is usually a few 
days earlier in southwestern Ontario than in the Niagara Peninsula; hence the sprays in orchard 
8 on June 27 and in orchard. 11, on June 24 were applied at approximately the same stage of 
_development. When the timing was altered from that for the basic schedule E (Table 1) used 
in plot A, control was generally poorer; the omission of one or more applications also lowered 
the degree of control in most cases. 


“In both orchards all schedules containing two second-generation sprays (in addition to 
a spray for the third generation) gave good commercial control, even if they were not always 
quite so effective as schedules with more sprays. A schedule with two second-generation and 
one third-generation spray of DDT was very effective also in the other experimental orchards, 
where they were not compared directly with four-spray schedules (Table VIII). 


1950.—The low infestation in some of the experimental orchards in 1950 made the results 
of doubtful significance, and some of the data have been discarded. Records of fruit injury 
are given in Table VIII. The use of parathion in a number of plots will be discussed later. 


In two orchards the amount of DDT in the third-generation spray on Elberta ‘was reduced 
to 1 Ib. ‘Invisible’ injury, the best criterion of the efficiency of this application, in one 
orchard was 0.3 per cent in the sprayed plot and 10.9 per cent in the check; and in the other 
orchard these values were 0.4 and 6.9 per cent respectively. This degree of control is com- 
parable to that generally obtained from 114 Ib. of DDT where the intensity of attack is 
similar. 


Only two DDT sprays were used against the second generation in any of the plots in 1950; 
the control was satisfactory in most cases. 


DDT SPRAYS AGAINST FIRST-GENERATION LARVAE 

In 1948 a number of growers in the Vineland-Jordan area of the Niagara Peninsula followed 
a so-called eradicant program of seven DDT sprays, recommended by a local fruit growers’ 
co-operative association. This schedule included four sprays for the first generation, one for 
the second, and two for third (Table I, schedule F). The first- and second-generation sprays 
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were to be applied on both young and bearing trees. The schedule recommended by the 
Niagara Peninsula Spray Service for the same year consisted of one spray for second- and two 
for third-generation larvae (Table I, schedule C). 


In 1949 and 1950 some growers continued to apply the early sprays for the first generation, 
although the first, or petal-fall, spray was omitted. The Spray Service schedule for both these 
years called for two sprays for the second generation and one for the third (Table I, 
schedule D). 


It is difficult to assess the value of the early eradicant program experimentally because 
it naturally reaches its greatest efficiency when used over large areas; small orchard plots are 
of little value. In 1949 a six-acre block of Elbertas was divided into two plots; one received 
the standard schedule of two second- and one third-brood sprays and the other plot was given 
three additional sprays for the first generation. The experiment was repeated in the same 
plots in 1950. Results are given in Table VII (orchard 1). | 


To supplement the meagre experimental data, records of fruit injury from a number of 
orchards sprayed by the owners have also been assembled in Table VII. The limitations of 
such records must be borne in mind; the variations in the degree of control in. any one year 
follow from differences both in the infestations and also in the efficiency of spraying. The 
decline in severity of injury over the three years is largely due to the natural decline in the 
general infestation, although the cumulative effect of the treatments may have played a small 
part. 


able, Vil 


COMPARISON OF FIRST- TO THIRD-BROOD SCHEDULES (6 or 7 DDT SPRAYS) 
AND. SECOND- AND THIRD-BROOD SCHEDULES (3 DDT SPRAYS) 
IN THE CONTROL OF THE ORIENTAL FRUIT MOTH 


petis Percentage total fruit injury 
Orchard and locality Variety 1948 1949 - 1950 


Six or seven DDT sprays 
1. Vineland (Experimental) Elberta = 0.4 ‘ae 
2. Vineland Mid-season 42.9 0.4 0 
| Elberta 22.8 0.3 0 
3. Vineland Mid-season 24 0.0 0 
; Elberta - 0.5 t 3.0 0 
4. Vineland Station Mid-season 13.3 1.0 0 
¢ Elberta 8.6 — 3 
5. Jordan Harbour | Mid-season tee 0.7 0 
Elberta 1.9 — 0 
6. Jordan Harbour Mid-season 3.0 | — — 
7. Jordan Harbour Mid-season AL _ _ 
8. Jordan Mid-season 0.9 = — 
Three DDT sprays t 
1. Vineland (Experimental) Elberta — 1.4 ) 
9. Vineland Mid-season 17.2 ae a 
10. Vineland Elberta 30.5 Le . Bs 
11. Vineland Station Mid-season 3.7 ee Se 
12. Vineland Station .. Mid-season 1.4 es) 
13. Vineland Station Mid-season 0.7 Mae sah Oe 
Elberta 11.1 an = 
14. Jordan Harbour Elberta = 1.5 0.6 
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itvablhe ./ *Gontid: 


Percentage total fruit injury 


Orchard and_ locality Variety 1948 1949 1950 
15. Jordan Mid-season 13.0 — aay 
16. Jordan Elberta -- ee) 0.7 
Checks — No DDT applied | | 
17. Jordan Mid-season 31.0 — — 
Elberta 24.0 - a 
18. Jordan Mid-season 11.6 ~ — 
19. Vineland Station Elberta 67.5 = o> 


In 34-acre plots of Elberta at Leamington in 1950, the standard three-spray schedule was 
compared with one having three additional sprays for the first generation. Fruit injury at 
harvest was 0.1 per cent for the three-spray program, 0.0 per cent for six sprays, and 7.4 per 
cent in an unsprayed check. 


In such low infestations as those in the experimental orchards in 1949 and 1950, both 
schedules produced such good control that the differences are of very doubtful significance. In 
1948, however, in orchards where the infestations and the efficiency of spraying were com- 
parable, those growers who used the longer schedule obtained somewhat better control than 
‘those who applied only three sprays. Whether the additional control given by the first- 
generation sprays compensated for their cost is a doubtful point to be considered later. 


DEVELOPMENT OF A BASIC DDT SCHEDULE 


From the experimental data obtained from 1946 through 1950, and from growers’ ex- 
perience, it appears that increasing the number of DDT applications, up to a maximum of 
six or seven, increases the degree of oriental fruit moth, control. However, each additional 
application above one tends to be of diminishing value, so that at some point the gain in 
freedom from injury will not equal the cost of the extra sprays. The number of sprays giving 
the most economical control will vary with the intensity of infestation, the value of the crop, 
and the cost of labour and materials. 


The degree of fruit infestation cannot be predicted. Attempts to forecast the infestation, 
on the basis of weathe: conditions, the amount of twig injury by first-generation larvae, and 
the degree of parasitism have been made over many years; but they have failed to: give 
warning of severe fruit. injury in time to allow for preventive measures. It is therefore 
necessary to use regularly a schedule that will give good control of the heavier infestations 
even if it is unnecessarily lengthy for average years. Most growers would insist on using the 
fuller schedule even if it could be proved that a shorter one might be more economical over 
a period of years. 


For the third generation, only one spray is required; but this is the most important appli- 
cation on mid-season and late varieties because it controls ‘invisible’ injury. Unfortunately 
this is the application leaving the greatest amount of residue; in the spray recommendations 
for 1951 the amount of 50 per cent DDT has been reduced to 1 Ib. and the interval between 
spraying and harvest set at four weeks. 


Two applications of 50 per cent DDT at 2 lb. against the second generation must be used 
as insurance, although in some lightly infested orchards they might not be economically justi- 
fied. Three sprays are not recommended for this generation for they give little, if any, better 
control than two. 
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To estimate the value of first-generation sprays, chief reliance must be placed on growers’ 
results, as already explained. These generally showed less injury where the first-generation 
sprays were used. However, even in 1948 most growers who used only second- and _third- 
generation sprays obtained satisfactory control when these were thoroughly applied. | 


The early applications are likely to cause greater disturbance of biological control factors. 
Aside from possible injury to the parasites of the oriental fruit moth, infestations of the 
European red mite, Metatetranychus ulmi (Koch), have tended to appear earlier in the season 
and have been more severe in orchards where first-generation sprays were used. — 


Though spraying for the first generation cannot be recommended as a general practice 
in Ontario because it is not economically sound, it may have a place under exceptional con- 
ditions. In some ‘problem’’ orchafds, particularly near canning factories, severe injury may 
recur nearly every year; here a full progam for all three broods is justified. 


_A basic schedule comprising two DDT sprays for the second brood and one for the third 
has been recommended in 1949, 1950, and 1951, and unless some unusual circumstance in- 
tervenes will probably be advised for some time to come. The timing of the treatments is 
given in Table I, schedule D. These sprays are applied only in bearing orchards. 


The use of DDT in peach orchards, even when limited to three applications, has had 
some objectionable but unavoidable effects. At least one and usually two or three acaricidal 
treatments have been needed each year to control the European red mite, and some other 
pests have shown signs of increase where DDT has been applied. However, the recommended 
schedule has had much less effect on Macrocentrus ancylivorus Rohw, the most important 
parasite of the fruit moth, than was feared, possibly because most young orchards are not 
sprayed. 


OTHER INSECTICIDES FOR THE CONTROL OF FRUIT INJURY 
PARATHION 


Experimental Results.——In 1948 parathion was compared with DDT ina schedule of one 
second- and two third-generation sprays. The results are given in Table VIII. This schedule, 
as shown previously, was poorly timed, but it was evident that parathion failed to give pro- 
tection from third-generation attack. Control of the second brood was at least as good as 
that given by DDT. 


Table VIII 


EFFECTIVENESS OF SPRAYS OF DDT AND PARATHION 
AGAINST SECOND AND THIRD GENERATIONS OF THE ARIENTAL FRUIT MOTH 
IN ORCHARDS 8 AND 19, NIAGARA PENINSULA, 1948—1950 


. Percentage 
Plot Pounds per 100 gal. Spray Larval Total Percentage fruit injury reduction 
DDT Parathion dates generation fruit Old New ‘Invisible’ Total in injury 
50% aI, ; 
Orchard 8 — Variety Elberta — 1948 
A 2 = July 15 2nd 
2 Ania 218226 3rd Oop eZ") Mes 3.6 1625 74.0 
C — 3*/3(*) July 15 2nd 
| — 1?/, Aug. 2 & 26 3rd Bs ae UN) 20.2 28.6 ooo 
D = 1?/, Aug. 2 & 26 3rd WD 2O4 ate alfa 67.0 — 
B 
Check. — = — -- Bile) 2181) 4a 21.6 62.2 = 


(1) Proportional amounts of 25 per cent parathion were used in 1948. 
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maple. VIll: contd. 


Perceniage 
Plot Pounds per 100 gal. Spray Larval Total Percentage fruit injury reduction 
DDT Parathion dates generation fruit Old New ‘Invisible’ Total in injury: 
50% EY, 
Orchard 8 — Varieties Vedette and Veteran — 1949 (average for duplicate plots) 
Pulse AZ’ 2 = June 27& 
July 13 2nd ; 
1% _ July 27 3rd nee adh Or 0.5 3.8 12 
FI&F2 — 1 June 27 & 
July 13 2nd 
_ 1 July 27 3rd SEO 2.0 el 0 Be 6.2 55.1 
El & E2 
Check = = 2 — 35147 - 5.5 3.6.-.- 4.7 L382 — 2. 
Orchard 8 — Variety Elberta — 1949 (average for duplicate plots) 
Al & A2 2 = June 27 & 
July 13 2nd 
14 = Aug. 15 3rd 28027 2:0) OE 1.7 Au) 61.2 
Fl1&F2 — 1 June 27 &. 
July 13 2nd 
_ if Aug. 15 3rd SOM = 2a O87, 2.3 5.8 52.1 
El & E2 
Ghee = = = ZO TERT 523) NES betee S72 - 
Orchard 10 — Variety Elberta — 1949 
A -- li June 27& shake = 
- 1 Aug. 16 3rd By eley = COLO, 0.0 IED 77.6 
B 2 4, June 27 & 
July 14 2nd 
114 — Aug. 16 3rd 3,487 0.5 0.05 0.0 0.5 92.6 
Cc 2 = June 27 & 
July 14 2nd 
ly — Aug. 16 3rd 2,644 (0:9 "0.03 0.5 1.4 IGP 
D 
Check — — — — Se GStAs2 One leS 6.7 = 
Orchard 10 — Variety Elberta — 1950 
D 
A — 114 July 13 & 24 2nd 
= 1 Aug. 24 3rd 3,052 02 0.0 0.0 0.2 98.2 
B 2 3% July 13&24 2nd 
1 — Aug. 24 3rd 235 0.04 10:0 0.4 0.4 oh 
Cc 2 == 7 (| lalla ey ee PAU) (es 
l - Mug. 28) 5) ocd 9.834 02 0.04 0.4 0.6 94.5 
Check — — = = PAR)  araes MAS 6.9 10.8 — 


In 1949 and 1950 parathion was used in two second-generation and one third-generation 
applications. In orchard 8 (Table VIII), the results in 1949 were similar to those of 1948; 
control of the second brood was comparable to that given by DDT, but third-generation injury 
was higher in the parathion plots. However, in orchard 10 in both 1949 and 1950, parathion 
was equally as effective as DDT against both generations. 


Table IX gives a summary of the control of third-generation injury (‘new’ plus ‘invisible’) 
by parathion and by DDT, It is difficult to account for the variations in the effectiveness of 
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parathion, but the intensity of the infestation may be partly responsible. In any case it is 
evident that this insecticide will-not give dependable control of the third generation. Even if it 
were effective, the use of parathion against this generation would be restricted because of the 
residue hazard. 


Aa bl e~ - 1X 


REDUCTION IN FRUIT INJURY FROM THIRD-GENERATION LARVAE ~ 
OF THE ORIENTAL FRUIT MOTH BY PARATHION AND DDT. 
SUMMARY OF DATA IN TABLE VIII 
Percentage reduction in ‘new’ 
and ‘invisible’ injury 


Orchard Varieties Year ppg Parathion 
8 Elberta 1948 79.0 ‘ce 
8 “V” varieties 1949 iat 91.5 50.5 
8 Elberta 1949 69.7 = 56.0 © 
10 Elberta 1949 80.0 99.3 
10 Elberta 1950 99.4 : 100.0 
Table Xs 


EFFECTS OF PARATHION ADDED TO THE FIRST AND SECOND SPRAYS 
OF A THREE-SPRAY SCHEDULE OF DDT 
FOR THE CONTROL OF THE ORIENTAL FRUIT MOTH 


Percentage reduction 


in injury 

Plots, varieties, and year DDT DDT with 

; alone parathion 

MR Orchard 138)! 7 Wivarieticss 1929 72.4 "S20 
C&D i 8 A i 1949 78.4 67.7 
A&B 3 8 Elberta 1949 61.2 68.7 
C&D a Sie, & 1949 95.1 78.5 
B&C , 10 x 1949 79.2 92.6 
B&C i 10 4 1950 94.5 : 92.7 
Average 89.1 80.7 


Parathion (15 per cent) at three-quarters of a pound was added to the second-generation 
moth sprays in two orchards in 1949 and 1950 for the control of the European red mite. The 
results, as given in Tables V and VIII and summarized in Table X, show that the addition of 
parathion did not produce any increase in control over that from DDT alone. 


In a second experiment in 1950 in a young peach orchard just coming into bearing at 
Vineland Station, schedules of six sprays of parathion, DDT, and ethyl p-nitrophenyl thiono- 
benzenephosphonate (EPN) were compared. The timing of the sprays was as follows: first 
generation — June 5, 12, and 22; second generation — July 13 and 26; and third generation — 
Aug. 25. 


The results given in Table XI indicate that DDT was slightly better than parathion, 
although the difference may not be significant. EPN failed to give as good control, especially 
of the third generation, as the other materials. A further discussion of these sprays on twig- 
feeding larvae is given on page 65. 
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The Place of Parathion in the Spray Schedule.—Parathion has been shown to be as effective 
as DDT for the control of the second generation of the oriental fruit moth. It also affords 
good control of the European red mite and the cottony peach scale, Pulvinaria occidentalis 
Ckll. [=P. amygdali auct.], which are not suppressed by DDT, and probably of other pests 
against which it has not yet been thoroughly tested. Because of its wide range of usefulness, 
parathion (15 per cent) at 1 lb. has béen recommended to growers in 1951 as an alternative 
to DDT in the two sprays against the second generation of the moth in orchards where the 
cottony peach scale has to be controlled. ‘The only reason why it should not completely replace 

DDT in these sprays is the danger to human life. One of the greatest hazards in its use is 
in thinning peaches sprayed with it, as many growers do not complete thinning before the 
first of the second-generation sprays should be applied. | ‘ 


ETHYL P-NITROPHENYL THIONOBENZENEPHOSPHONATE (EPN-300) 

An experiment in which six-spray schedules of EPN, parathion, and DDT were compared 
in 1950 has been described in the section on parathion. ‘The results as given in Table XI 
show that EPN gave the poorest control of fruit infestation. 


An experiment was conducted in small plots in the Science Service orchard at Harrow in 
1950, comparing EPN and DDT in two second-generation sprays. One third-generation spray 


Table XI 


COMPARISON OF DDT, PARATHION, AND EPN 
AGAINST TFRUIT-FEEDING LARVAE OF THE ORIENTAL FRUIT MOTH 
ON ELBERTA PEACHES, 1950 


Percen tage 
Plot Material per 100 gal. Total Percentage fruit injury reduction 
fruit Old New ‘Invisible’ Total in injury 
8 DDT 50%, 2 1b.* 645 0 0 0.5 0.5 — 94.5 
7 Parathion 15%, 1 Ib. 827 OS 4.0 0.9 sled 87.5 
10 ERNE 271075734, Wo. 1039 OR O2 Za) et) 74.6 


9 _Unsprayed check 837 Ba lee 6.8 3 = 


of DDT was used in each plot. This orchard was very heavily attacked by third-generation 
larvae, so that ‘invisible’ injury was very high on Elberta. The results are given in Table XII. 
In all cases the injury, largely caused by the third generation, was much higher in the EPN 
plots than in comparable DDT plots. 


Table XII 


COMPARATIVE CONTROL OF THE ORIENTAL FRUIT MOTH 
WITH EPN-DDT AND DDT SPRAY SCHEDULES; SCIENCE 
SERVICE ORCHARD, HARROW, ONT., 1950 | 


. Percentage 
Plot Pounds per 100 gal. Spray Larval Total Percentage fruit injury reduction 
DDT EPN dates generation fruit Old New ‘Invisible’ Total in injury 
50% ae 
Variety Valiant 
1 — 1 July 11 & 21 2nd 
ly — ‘Aug.4 3rd 936 06 0.1 1.6.0 2S ee, FBI 
2 Z, — Julyl11&21 2nd ; 
ly SS) EIS 3rd 876 0.9 0.0 0.0 0.9 91.4 


- 


*Except in the last spray (Aug. 25) when 114 Ib. was used. 
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Table XII cont’d. 


Percentage 


Plot Pounds per 100 gal. Spray Larval Total Percentage fruit injury reduction 


DDT Parathion dates generation fruit Old New ‘Invisible’. Total in injury 
50% A “4 

3 
Checay = — = TOGO T3920 138 10.5 == 
1A — he aby leet Brel | 

ly — Aug.4 — 3rd 13967 Only 022 6.6 6.9 41.5 
A aX Ho as Tay eB 2nd . 

BVA — Aug.4 3rd 836" 0 02 iley/ yeni 82.2 
3A . 
Chea _ = = 1E207) 5-2, EO 5.6 11.8 — 
Average of EPN-DDT plots—, 0.3 0.2 4.) 4.6 59.8 
Average of DDT plots — OO7 051 0.8 1.5 - 86.8 
Variety Elberta 
1 — 1. , July 11 &21 2nd 

ly — Aug. 22 » dx 1444 14 14 8.3 pla 52.8 
2 2 — July 11&21 2nd 

14 — _ Aug. 22 3rd SSO 0:9F 0:3 0.0 12 95.0 
3 
Check — — — — S87 ei e253 16.7 23.5 — 
1A = ee aul ie sae 2nd. 

bY — Aug. 22 3rd 198 2:2 les 19.8 25S. bbw: 
2A Zs — July1l1&2I 2nd 

lly. =». Aug..22 3rd ee {hy ae oF as ia 
3A 
Check = — = LV 20 GLOF) SES 37.8 523 = 
Average for EPN-DDT plots — | 13s le 14.0 We 54.1 
Average for DDT plots — Eas : 12 OL 4.6 6.6. 860 


‘ RESIDUES OF DDT - AND OF PARATHION ON THE FRUIT AT HARVEST 


A sample of one 6-qt. basket of fruit was collected at random from each of a number of 
the experimental plots, usually at the time of the first picking. They were shipped by railway 
express to Kentville, N.S., or Ottawa, Ont., where analyses of residues were made through 
the co-operation of the Division of Chemistry, Science Service. 


Samples were also collected in 1950, but the analyses have not been completed. 


The residue values for 1946 to 1949 inclusive are given in Table XIII. The amounts varied 
greatly, owing to chances of sampling and to differences in the rates of weathering and 
im increase of surface area. The only conclusions that can be drawn are that increase in 
the numberof applications is likely to leave greater residue, and that the last application 
usually leaves a relatively greater amount than the earlier ones. 


The residues of DDT are high enough in a number of cases to cause concern, as they are 
much above any suggested tolerance. Unfortunately no residue values are yet available for the 
1950 schedules, in which the amount of DDT in the last spray was reduced to one pound. 


The parathion residues were still more variable, possibly because the amounts are so 
small. None of the schedules left residues that could be considered excessive. 
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Table XIII 


INSECTICIDE RESIDUES OF DDT AND PARATHION ON PEACHES 
AT HARVEST IN ONTARIO, 1946—1949 
VALUES IN BRACKETS FROM DUPLICATE PLOTS 
| VARIETY ELBERTA UNLESS OTHERWISE INDICATED 


DDT 50%, or 
Year Locality Days between Parathion 15% Residue 
Sprays & harvest lb. per 100 gal. p-.p.m. 
_ per application 


DDT Residue 


1946 Niagara Peninsula 43, 22 7, Toll 
» r 45, 26 DD 6.6 
1947 m ‘ 28 2 12.3 
z x 46, 26 Pip 8.5 
1948 a s 27 2 12.6 
a ‘ 33 2 6.4 
" a A, 2S ay 7 N53 
is ; 495933 ay 10.0 
% a G7, 49), BB Aa a7 10.8 
1949 m ss 5 Il 2, 1% a5 
% i 125 DS, AD” Bey ay, WN gh 
” n° 155 8, ZO Dey Pay MW 6.8, 3.1 
g p 75, 63, 54, 26 DD, D, ih 11.1, 8.8 
(Vedette) ” ‘i Syd Galle, PAE: 2, 271i, 5.3 
Essex County 25 1 ae 2.6 
i % CB, Bho 72 Zale 6.9 
: 66, 51, 39, 28 DD Nye, Mp ley 
i ‘ U0s BE, 4G, Ae Ze oe Voe ie array Wen7 

Parathion Residue : 
1949 Niagara District 75, 58 34, Hh 0.018 
‘i 220409, 26 1 Ec 0.036 
oe as Wi, Dei, AS 114, 14, 1 0.17 


(Veteran) di ‘i Dds ally As Lil 0.002, 0.028 


CONTROL OF TWIG-INFESTING LARVAE 


A two-acre peach orchard of several varieties, planted in 1947, was used to test the relative 
effectiveness of DDT and parathion against twig-infesting larvae of the first and second 
generations. In the spring of 1949 these trees varied from 4 to 6 ft. in height; they made 
exceptionally heavy growth throughout the summer, providing very favourable conditions for 
larval feeding. 


The block was divided into five plots of 35 to 49 trees each, and sprayed six times, the 
sprays being timed according to the stage of growth on bearing trees and the development of 
the moth: May 9 (petal-fall stage), May 18 (shucks 50 per cent fallen), May 30 (shucks 95 per 
cent fallen), and June 7 for the first generation; and June 28 and July 12 for the second 
generation. 


The treatments were as follows: 
Plot A: Parathion 15%, 34 lb. per 100 gal. 
Plotivb=)) Rarathione 15°, ,. 27 lb. per 100) gall! 
lO Cie IIOP BOS A Ilo, yore, OO) ail 
Plot C2: Duplicate of Cl 
Plot D: Unsprayed check. 
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Results were taken by counting all injured twigs on four trees per plot twice weekly from 
June 3 to August 27. It should be kept in mind that increases in injury were caused not 
entirely by newly hatched larvae, but also in some cases by partially grown larvae leaving 
injured twigs and attacking fresh ones. As the season progressed it became increasingly difficult 
to make accurate counts owing to the great increase in growth. 


The data from the bi-weekly counts have been grouped to cover the approximate feeding 
periods of the first three generations of larvae, and are presented in Table XIV. 


Parathion (15 per cent) at either 34 or 2 Ib. gave better control than DDT (50 per cent) 
at 2 lb. of both first- and second-generation twig-feeding larvae. Not a single injured twig was 
found on the record trees in either parathion plot until more than 10 days after the fourth 
spray against the first generation, whereas during the same period 26, 16, and 213 injured 
twigs were found in the two DDT plots and the check respectively. The superiority of parathion 
over DDT was greater for the control of the second generation than for the first. 


Although appreciable twig injury was generally not apparent for 10 days after an appli- 
cation of parathion or DDT, the protection afforded by either material probably did not exceed 
five days when the twigs were growing rapidly; infested twigs cannot be detected until about 
four or five days after newly hatched larvae enter them. 


The comparatively rapid build-up of injury in both the parathion and the DDT plots, 
starting about 10 days after the last spray of the season, was probably due to movement of 
moths from the check plot and to late-emerging moths from a small packing shed 100 yards 
from the orchard. Plot C2, in which DDT gave poorer control than in plot Cl, was situated 
in the corner of the orchard nearest the packing shed. 


In 1950 the same orchard was divided into four plots of approximately 50 trees each. They 
were sprayed five times with DDT, parathion, or EPN: June 5 (shuck-split stage), June 12-13 
(shucks 50—75 per cent fallen), and June 22 for the first generation; and July 13 and 26 for 
the second generation. The petal-fall spray of the previous year was omitted, as it was too 
early to be of value. Treatments were as folJows:— 


Plot 7: Parathion 15%, 1 lb. per 100 gal: 
Plot os Dilton 0S 2 alba per 00 seal: 
Plot 9: Check 

Plot 10: ERN 27%, 34 \b. per 100) gal. 


The results were taken as in 1949, by counting all injured twigs on four marked trees per 
plot at approximately 3- to 7-day intervals; the records in Table V have been grouped to show 
the number of twigs injured by each generation. 


IPaiole AY 


CONTROL OF TWIG-FEEDING LARVAE OF THE ORIENTAL FRUIT MOTH 
WITH PARATHION, DDT, AND EPN ON FOUR-YEAR-OLD PEACH TREES, 1950 


Injured twigs per 4 trees per generation 


Generation and period Plot 7 — Parathion Plot 8 — DDT IAUOE NO SJB elton @ — 
Check 
NGhe  NEAUucilOn = INO. reduction. NO. O, reduction No. 
in injury in injury in injury 


First; June 12 to 


July 4 3 78.6 2 85.7 fl 50.0 14 
Second; July 5 to 

Aug. 9 5 94.6 15 84.0 27 71.0 93 
Third; Aug. 9 to 31 0 100.0 — 14 Wee 19 73.0 64 


Season 8 95.4 31 81.9 53 69.1 171 
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Again, parathion gave better control than DDT of twig-infesting larvae for the season as 
a whole. EPN was less effective than the other materials, but the comparison may have been 
biased because the EPN plot was situated on the side of the orchard nearest the = Pacha shed 
and may have been exposed to a greater influx of moths. 


DIRECT EFFECTS OF PARATHION AND DDT ON LARVAE IN TWIGS 


On June 6, 1949, several unsprayed trees in the orchard used for the previous experiments 
were sprayed with parathion (15 per cent) at 34 lb. or 2 lb. Three days later samples of about 
25 larvae were dissected from injured twigs on the trees receiving each Cosage. Larval mortality 
on the trees sprayed with 34 lb. was 20.7 per cent, and on those receiving 2 lb., 80.7 per cent. 


On June 28 a second series of trees was sprayed with either parathion (15 per cent) at 34 lb. 
or DDT (50 per cent) at 2 lb. Two days later samples of larvae were collected from each treat- 
ment and a check, the instars were separated by head-capsule measurements, and the mortality 
was determined. The data, summarized in Table XVI, showed that parathion had destroyed 
many of the larvae but that DDT had killed none. No data could be obtained on the mortality 
of the first instar because larvae of this stage do not produce visible injury and could not be 
located. 


table. XVI 


MORTALITY OF ORIENTAL FRUIT MOTH LARVAE 
IN PEACH TWIGS SPRAYED ON JUNE 28; 
LARVAE EXAMINED ON JUNE 30, 1949 


2nd instar 3rd instar 4th instar Total 
Treatment No. ey No. Yo No. ve No. i 
Amt. per 100 gal. larvae dead larvae dead larvae dead larvae dead 
Parathion 15%, 34 lb. 0 0 15. 60.0 31 61.4 46 60.9 
Da 5075. 2b: i 0 7 0 35 0 43 0 


Check — unsprayed ] 0 9 0) 34 sg) Bs 2.3 


USE OF INSECTICIDES AGAINST TWIG-INFESTING LARVAE 


The general use of insecticides to prevent twig injury in young orchards has not been 
recommended in Ontario, because of the possible detrimental effects on parasites and also 
because the injury is seldom serious enough to justify the five or six applications needed to 
give good protection for the season. However, portions of some orchards near packing sheds 
or canning factories may be very badly infested, delaying the time of bearing and causing 
mis-shapen trees; in these situations spraying may be profitable. 


CONCENTRATE MIST SPRAYING FOR 
ORIENTAL FRUIT MOTH CONTROL 


During the summers of 1949 and 1950 a few experiments were conducted in two peach 
orchards, primarily on oriental fruit moth control, with concentrate mist spraying in com- 
parison with conventional high-pressure spraying. ‘The concentrate mist sprayer, manufactured 
in British Columbia, had a fixed fish-tail outlet and sprayed from one side only. The manu- 
facturer’s specificatians were as follows:— 


Weight empty: 1,600 lb. 

Pump: 3 gal. per min. at 300 lb. per sq. in. 
Turbine: axial flow, 14 in. diam. 

Velocity at fish-tail: 90 m.p.h. 

Air displacement: 8,000 cu. ft. per min. 
Tank capacity: 100 imperial gal. 
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All spraying was done in the daytime. The wind velocity during most of the applications 
was 3 to 4 m.p.h.; occasionally it reached 6 m.p.h. and on one occasion 8.9 m.p.h. at one foot 
above the tops of the trees. 


In 1949, a three-acre plot of mixed ‘V’ and Elberta peaches was sprayed with the concent- 
rate mist sprayer and compared with conventionally sprayed plots that adjoined on each side. 


The latter plots were sprayed from the ground at 400-Ib. pressure. The standard schedule 

of two second-generation sprays containing 2 lb. of 50 per cent DDT, and one third-generation 
| spray at 114 Ib. per 100 gal. was followed, parathion usually being added to one or two of the 
second-generation sprays for the control of the European red mite. Sulphur was also added to 
some applications for brown rot control. In 1949 approximately 3.75 gal. of spray were applied 
per tree per application. This amount was equivalent to 7.5 lb. of 50 per cent DDT per acre 
for each of the first two applications and 5.6 lb. for the third. 


It was the intention to apply the same amount of DDT per acre by the concentrate 
machine, but owing to inexperience and an error in calculating the capacity of the tank on 
the conventional sprayer, approximately 39 per cent more was applied in the form of the 
714 concentrate than by the conventional sprayer, the amounts of 50 per cent DDT per acre 
in the concentrate averaging 12.2 lb. for the first applications and 9 lb. for the last. Because 
of variations in driving speed the actual amounts varied considerably in different parts of 
the orchard. 


In 1950 the same plots and the same basic schedule were again used. The concentrates were 
applied more uniformly and accurately than in 1949, and the amounts of DDT applied by 
the two methods were more nearly comparable: slightly less material was purposely used in 
the concentrate applications. The rates are given in Table XVII. 


Table XVII 


RATES OF APPLICATION OF DDT 


BY CONCENTRATE AND CONVENTIONAL SPRAYERS, 1950 


® 


DDT 50% DDT 50% 
Application Concentration lb. per 100 gal. Gal. per tree lb. per acre 
Conventional 
Ist and 2nd sprays 1X 2.0 1336 U2 
3rd_ spray US 1.5 4.0 6.0 
Concentrate | 3 
Ist and 2nd sprays 3.35% 6.6 1.0 6.6 
3rd spray 3.2% 4.8 1.0 4.8 


The fruit injury at harvest is given in Table XVIII and summarized in Table XIX. The 
injury in the concentrate plots averaged slightly less than in those receiving conventional 
dilute sprays. 
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Table XVIII 


COMPARISON OF CONCENTRATE MIST AND CONVENTIONAL 
DILUTE SPRAYS FOR ORIENTAL FRUIT MOTH CONTROL,’ 


ORCHARD 8, 1949 AND 1950 


Plot Pounds per 100 gal. Spray 


, DDT Parathion 


50% 15%, 


dates 


Larval 


aneties Vedette and Veteran — 1949 


Conventional Sprayer 


BI+B2 2 3/4 June 27& 
July 13 2nd. ) ea 
li — July 27 3rd Papsves) IG) (2 0.4 2:2 84.2 
Al+A2 ..2 = June 27 & 
July 13 2nd , 
bY — July 27 3rd eyes | on) 2 0.5 3.8 a2 
Concentrate Sprayer 
G 144 = June 27 2nd 
1414 3*/s July 13 2nd 
11 — July 27 3rd 2S OAM mOES 0.5 3.8 Za 
H 1414 — June 27 & 
July 13 2nd 
11 os July 27 3rd Peis | thy OE 0.8 2.6 81.2 
E1+E2 
Checks — = = = Ou Bab Bd Zell 13.8 — 
Variety Elberta — 1949 
Conventional Sprayer 
BI+B2 2 3/, June 27 & 
July 13 2nd 2.319) Vlied oan Os2 eg) 3.8 68.7 
BNI) 7 = June 27 & 
July 13 2nd 
BVA -- Aug. 15 3rd 2,802) 92:0. Uee ileg ail 61.2 
Concentrate Sprayer 
G 1414 — June 27 2nd 
141, 3*/5 July 13 2nd 
1] - Aug. 15 3rd 20 ele9 WO r2 0.5 2 ey! 
H 1414 = July 27 & 
July 13 2nd 
ll = Aug. 15 acl | Dee QD HA 0.5 3.1 74.3 
E1-E2 
Check — = = = ad SIM yy Its} 5.4 12a — 
Varieties Vedette and Veteran — 1950 
Comventional ‘Sprayer 
1 -D2)s 2 3/, July 11&21 2nd 
ll, — Aug. 7 3rd 2) O50 Os 0.7 14 91.8 
C1-C2 2 = July 11&21 2nd okt. iid’ 
ly, — Aug. 7 3rd Dee Oe OO! 0.9 1.6 89.1 
Concentrate Sprayer 
B 6.7 21h July 11&21 2nd 
5 = Aug. 7 3rd Zien 0:9 Onl 0.0 1.0 93.2 


Total 


Percentage fruit injury 
generation fruit Old New ‘Invisible’ Total in injury 


Percentage 
reduction 
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Table XVIII cont’d. 


Percentage 


Plot Pounds per 100 gal. Spray Larval Total Percentage fruit injury reduction 5 
DDT Parathion dates generation, fruit Old New ‘Invisible’ Total, in injury 
50% 15% 

A2 6.7 = July 11&21 2nd 

5 == Aug. 7 3rd Oe ONS 0205 OOK eye OFS 12980) 
H1-H2 | 
Checks — a = ADD at) ULB 9.5 14.6 — 
Variety Elberta — 1950 
Conventional Sprayer 
Di 2 3/4, July 11&21 2nd 

114 — Aug. 22 3rd rail OSS» OB 0.0 Il 97:2 
€1+C2 2 =) Joke ee Bal 

lly — Aug. 27 3rd 199 08) 00 3.0 39 90.7 
Concentrate Sprayer 
B 6.7 21% July 11&21 2nd 

5 = Aug. 27 3rd Sly I) 0.8) 0.0 22 94.8 
A2 6.7 oe July 11&21 2nd 
| 5 = Aug. 27 a es 0.8. OR 0.9 2.4 94.2 
H1+H2 
Checks — = = - wl WO Gl Wk 9 ae = 


Table XIX 


SUMMARY OF RESULTS WITH CONCENTRATE MIST AND CONVENTIONAL SPRAYS 
IN CONTROLLING THE ORIENTAL FRUIT MOTH IN 1949 AND 1950 


Conventional Concentrate 
Variety and Year Average fruit Reduclion Average frutt Reduction 
injury Mid LIS | injury in injury 
Per cent Per cent Per cent Per cent 
Vedette and Veteran — 1949 3.0 78.3 3.2 76.8 
Elberta — 1949 4.2 64.9 3.4 76.0 
Vedette and Veteran — 1950 1.4 90.4 0.7 95.6 
Elberta — 1950 2.5 93.9 2.3 94.5 
. Average 2.8 81.9 2A 85.7 


Another orchard was also sprayed with the concentrate machine in 1949. Control of the 
oriental fruit moth was very good, although no conventionally sprayed plots were available 
for direct comparison. 


Where either parathion or DN-IiI was added to the concentrate sprays, the infestations 
of the European red mite were held at a low level. Little information was obtained on brown 
rot control where sulphur was included, because of a low incidence of the disease in the 
experimental plots. 
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SUMMARY 


In Ontario, the most practical spray schedule for the protection of peach fruit against the 
oriental fruit moth was found to be one comprising two sprays of 50 per cent DDT at 2 Ib. 
per 100 gal. for control of second-generation larvae and one of 1 Ib. against the third generation. 
Fewer sprays did not give sufficient protection; additional sprays gave increased control but 
were not sufficiently better to compensate for their cost. Sprays against the first generation 
were justified only in exceptional circumstances. Parathion was as effective. as DDT in second- 
generation sprays but was inferior for the third generation. Ethyl p-nitrophenyl thionobenzene- 
phosphonate was least effective. 


For the control of twig-feeding larvae the order of effectiveness was: parathion, DDT, and 
ethyl p-nitrophenyl thionobenzenephosphonate. Parathion killed many of the larvae within 
the twigs, whereas DDT did not. 


For two seasons, concentrate mist sprays gave as good control of fruit injury as dilute 
sprays applied by conventional high-pressure sprayers. 
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TIMBER TYPES IN RELATION TO 
INSECT OUTBREAKS IN THE CANADIAN 
ROCKY MOUNTAINS’ 


Gro. R. Hoppinc? 


Dominion Entomological Laboratory 
Calgary, Alberta. 


INTRODUCTION 


The importance of the forests of the Canadian Rocky Mountains cannot be gauged by 
commercial timber values alone. Portions of this region aggregating 8,000 square miles in 
area have been organized into national parks. The remaining forested area, comprising 
149,000 square miles, is owned mainly by the Province of Alberta. Although the recreational 
and the commercial timber values are of prime importance, the maintenance of proper water- 
shed conditions on the eastern slope is even more vital. 


Contribution No. 2757, Division of Entomology, Science Service, Department of Agriculture, 
Ottawa, Canada. 


2O fficer-in-Charge. 
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Some of the forests of this region are highly susceptible to outbreaks of destructive forest 
insects of several species. There is an apparent correlation between the number and severity 
of such outbreaks and the type of timber stand. In order to get some insight into the causes 
of these outbreaks, immediate control measures possible, and more nearly permanent remedies, 
it is necessary to know something about the history and characteristics of the timber types. 


CHARACTER OF THE TIMBER STANDS 


There are six distinct timber types in the Canadian Rocky Mountains. They may be de- 
fined as follows:— 


1. Alpine fir type.—Restricted stands of alpine fir, Abies lasciocarpa (Hook.) Nutt. on the 
upper slopes and in high alpine valleys, 6,000 to 7,000 feet in elvevation, sometimes associated 
with whitebark pine, Pinus albicaulis Engelm., and alpine larch, Larix lyallii Parl. This is a 
climax type that has occupied these areas for a long period. 


2. Western White and Engelmann spruce type.—Stands composed mainly of spruce, either 
Picea engelmanni Parry or Picea glauca (Moench) Voss var. albertiana (S. Brown) Sarg., with 
small percentages of alpine fir and lodgepole pine, Pinus contorta Dougl. var. latifolia Engelm. 


These are climax stands 300 to 500 years old, mainly in sub-alpine valleys. 


3. Lodgepole pine type.—Extensive pure stands of young lodgepole pine or fully stocked 
stands of mature pine with an understory of spruce, associated in places with trembling aspen 
and Douglas fir. This is a fire succession type that has originated during the last 200 years. 
It is transitional and will eventually revert to the spruce type in most cases. 


4. Trembling aspen type.—Pure stands of trembling aspen, Populus tremuloides Michx., 
not so extensive as type 3, often with an understory of young spruce. This also is a fire 
succession type and is often supplanted by spruce, for which it acts as a nurse crop. 


5. Deugias fir type.—Relatively pure stands of Douglas fir, Pseudoisuga taxifolia (Poir.) 
Britton, associated with small amounts of lodgepole pine, spruce, and trembling aspen. ‘This 
type is not widespread but is very distinct and attains its best development in the Porcupine 
Hills of south-central Alberta. This appeais to be a climax type, for some of the trees are 
500 years old, and the reproduction is composed mainly of Douglas fir. 


6. Black spruce type.—Relatively pure stands of black spruce, Picea mariana (Mill.) B.S.P,. 
associated on wetter sites with tamarack, Larix laricina (Du Roi) K. Koch., and on drier sites 
with white spruce, lodgepole pine, or jack pine, Pinus banksiana Lamb. This is a climax type 
of northern Alberta and the Northwest Territories. 


SUSCEPTIBILITY OF STANDS TO INSECT OUTBREAKS 


All of the major outbreaks of forest insects in this region during the past 40 years have 
occurred in the transitional or fire-succession timber types. This may or may not be significant, 
for 40 years is a very short period in the life of a forest. Of greater significance is the fact 
that no destructive outbreaks have occurred in the climax types for 300 to 500 years; this 
suggests a balance of faunal populations in relation to environment. If fire can be kept out 
of the transitional stands, they will revert to climax types, in which a similar balance will 
probably be established. ‘This will take a long time, and major outbreaks undoubtedly will 
occur meanwhile. Timber utilization can hasten the replacement of transitional species with 
climax species and will be an important factor in maintaining or destroying the resistance of 
present climax stands. 


The estimate of the susceptibility of each timber type is based on the character and history 
of the stand and the incidence and destructiveness of past outbreaks. 
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The alpine-fir stands are subject to sporadic restricted attack by the western balsam bark 
beetle, Dryocoetes confusus Swaine. The trees killed are usually overmature, the effect being 
similar to that of a selection cut making room for more vigorous young trees. Utilization is 
not feasible because of inaccessibility, and the net result of the bark-beetle activity is actualiy 
beneficial under. these conditions. Susceptibility to insect outbreaks may be classed as medium 
in this timber type. 


The climax spruce stands have low susceptibility to insect outbreaks. No destructive in- 
festations have occurred in these stands for hundreds of years. Injury from the two-year-cycle 
spruce budworm has occured sporadically during the past 30 years at least, but there has been 
no serious tree mortality. 


The main fire-succession type, lodgepole pine, is highly susceptible to destructive and ex- 
tensive outbreaks of the mountain pine beetle, Dendroctonus monticolae Hopk., and the 
lodgepole needle miner, Recurvaria milleri Busck. An outbreak of D. monticolae in Kootenay 
National Park began in 1930 and in 12 years killed 85 to 90 per cent of the timber over an 
area of 250 square miles. The estimated loss was over 400,000,000 board feet (4). An outbreak 
of the same beetle that started near Banff in 1940 was controlled after treatment of 30,000 
trees on 15,000 acres. An outbreak of the lodgepole needle miner that commenced in 1942 in 
Banff National Park is still in progress and now covers 450 square miles in four national parks. 


Susceptibility of stands to outbreaks of the mountain pine beetle is influenced by avail- 
able moisture; composition of the stand, whether pure or mixed; age; distribution of diameter 
classes and site quality. 


Most of the outbreaks in Western Canada have started during prolonged drought periods 
when the vigour of all trees was reduced (4). Beal (1) also found a relationship between 
drought and outbreaks of- the Black Hills beetle, Dendroctonus ponderosae Hopk. Craighead 
(2) stated, ‘““Extensive outbreaks of the southern pine beetle and hickory bark beetle have al- 
ways occurred in drought years.” 


It is noteworthy that all of the large outbreaks of the mountain pine beetle have started in 
fully stocked stands of mature lodgepole pine. It seems reasonable to suggest that the pine 
in mixed stands is less susceptible to attack. 


Very few, if any, outbreaks of D. monticolae have started in stands under 80 years of age. 
The limitation of trunk area on small trees prevents a rapid build-up of the beetle population. 
Moreover, Hopping and Beal (4) found a direct relationship of diameter to incidence of attack 
under outbreak conditions. Practically no attack occurred on trees below five or six inches 
in diameter, and for every inch increase above this there was an increase of approximately 
five per cent in the proportion of trees attacked. 


Site quality seems to be another factor influencing stand susceptibility. In ponderosa-pine 
stands, the poorer sites are associated with greater bark-beetle hazard (5), but apparently. this 
is not the case with lodgepole pine. All of the outbreaks of the mountain pine beetle in the 
Rocky Mountains have started on the better sites. 


Severity of attack by the lodgepole needle miner does not seem to be associated with size 
or age of the trees, or with site quality, but the younger, more vigorous trees are able ta 
withstand the attack over longer periods than the older, slower-growing stock. 


The aspen fire-succession type is also subject to extensive cutbreaks, chiefly of defoliators. 
Several species of tent caterpillars, Malacosoma spp., periodically cause extensive defoliation. 
More restricted areas of aspen are defoliated by the American poplar beetle, Phytodecta amer- 
icana Schaeff., and the large aspen tortrix, Archips conflictana Wlkr. The poplar borer 
Saperda calcarata Say, causes severe damage in some areas. 
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The black-spruce stands of northern Alberta are of a climax nature, and no serious insect 
outbreaks have occurred in these stands for a long period. This timber type may be placed 
in the low susceptibility class. 


CONTROL POSSIBILITIES 


The data presented indicate that the main insect problems arise in extensive stands of 
lodgepole pine. A bark-beetle outbreak can be controlled by applied methods if discovered 
in. the early stages. A 100 per cent cruise is necessary to locate all infested trees, and each 
one must be treated by cutting and burning, by burning the trunk as it stands, or by killing 
the bark-beetle broods with certain penetrating chemicals. 


No effective applied control has been developed for the lodgepole needle miner. Since the 
larva spends nearly all its time within the mine, it is difficult to develop a spray with suffi- 
cient penetration to kill the miner and not injure the trees. Even if this could be done, 
aeroplane spraying of 450 square miles of timber would require an expenditure of at least 
one and a half million dollars on the basis of present material and labour costs. Most of the 
parasites would be killed and the needle miner population would probably increase again 
very rapidly. The spray operation would have to be repeated every few years until the factors 
favouring increase became inoperative. 


Applied control for the mountain pine beetle and the lodgepole needle miner is only a 
palliative. As long as these pure stands of mature and overmature pine remain, outbreaks 
will recur whenever other factors are favourable. It appears that longer-lasting results will be 
obtained by a thorough investigation of forest management with a view to replacing the 
lodgepole-pine stands with a mixed type more nearly climax in nature and of greater tree 
vigour. More nearly permanent beneficial results in the control of this needle miner may 
also be obtained by intensive investigations of biological factors. 


Detailed forest management plans for areas in the Rocky Mountains and particularly in 
national parks cannot be made until much more timber inventory work is completed. The 
most desirable type of mixed stand can be determined only by silvicultural research to establish 
soil characteristics on the various sites in the region, and the soil and climatic factors best 
suited to the various species. A fairly reliable guide should be the composition of the climax 
types that originally occupied the pine areas; some clues have been left to indicate the nature 
of these stands. 
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WARBLE FLY CONTROL IN ONTARIO 
A. W. BAKER’, A. A. KINGSCOTE?, W. C. ALLAN?® 


During 1945 and 1946, considerable interest was aroused throughout the province in the 
control of warble flies in cattle by power spraying. By the spring of 1947 it was quite evident 
that extensive control programmes of power spraying would be carried on in various township 
areas. 


Although it was known that satisfactory control was being secured in western Canada and 
the western United States, no experimental work with power spraying had been carried out 
in Ontario or in the northeastern States where conditions were comparable to those of this 
province. It was realized by various workers that we had no assurance that satisfactory control 
would be secured in Ontario through power spraying. 


Early in 1947 a meeting was called in the office of the Livestock Commissioner in Toronto, 
and an Ontario Warble Fly Committe was established to investigate the whole field of warble 
fly control in the province. The membership of this committee is as follows: Mr. W. P. 
Watson and Mr. R. H. Graham of the Ontario Livestock Branch, Professor R. G. Knox of the 
Department of Animal Husbandry, Ontario Agricultural College, Professor A. W. Baker, Pro- 
fessor W. C. Allan and Mr. S. E. Dixon of the Department of Entomology and Zoology, Ontario 
Agricultural College, Dr. A. A. Kingscote and Dr. J. K. McGregor of the Department of Para- 
sitology, Ontario Veterinary College and Mr. H. L. Seamans of the Division of Entomology, 
Dominion Department of Agriculture. 


PROGRAMME IN 1947—1948 


It was agreed that the first work should be an attempt to determine the actual larval 
mortality where power spraying was being used. Since the Department of Agriculture had an. 
arrangement to financially assist Goderich Township in Huron County in a power spraying 
programme this township was selected to check its efficiency. 


Teams working under the direction of the committee were sent into the township when 
spraying was completed to examine herds from farms selected at random. All grubs which 
could be extracted were removed and the numbers of live and dead grubs determined. Fol- 
lowing are the results of the survey. 


171 animals were examined after the first spray and 1088 grubs were checked. These showed 
a mortality of 14.7%. 


79 additional animals were examined after the second spray and 386 grubs were checked. 
These showed a mortality of 37.1%. 


93 unsprayed animals were examined as a control against mortality determinations. No 
dead grubs were secured. 


In order to have a check against different conditions a survey was made in Chinguacousy 
Township in Peel County, where a power spraying programme was under way. 70 animals 
were examined after the third spray and 256 grubs were checked. These showed a mortality 
of 47-9%,- 


Some experimental work was undertaken in 1947 but the programme got under way so 
late that only small groups of animals could be secured. Results were therefore not conclusive. 
However, animals treated by the hand-scrubbing method with derris gave 90% mortality, 
which was a further check against mortality determinations. 


1, 3Department of Entomology and Zoology, Ontario Agricultural College. 
2Department of Parasitology, Ontario Veterinary College. 
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Since workers in the United States and western Canada state that a kill of grubs of 80% 
or better is necessary to secure adequate control, it was obvious that no satisfactory control was 
being secured in the areas checked in 1947. It was therefore decided to carry out a control 
programme under strict supervision, where each animal would be thoroughly sprayed, insofar 
as possible under Ontario conditions. Since the agreement of the Department of Agriculture 
with Goderich Township was still in effect in 1948, this township was selected for the pro- 
gramme, and a member of the Livestock Branch was placed in charge to supervise the 
spraying. The programme was well organized and thoroughly supervised. 5380 cattle in the 
township received two sprays in the general supervised programme apart from experimental 
herds. The spray, consisting of 714 lbs. of derris (5% rotenone) in 80 Imperial gallons of 
water, was applied at 400 lbs. pressure and at the rate of approximately 1 gallon per animal. 


Four teams, of two men each, checked the results in a large number of animals in the 
general supervised area, in experimental herds, in untreated herds as controls and in herds 
in townships in Huron and Bruce counties where unsupervised power spraying programmes 
were under way. Herds were selected at random. 2032 animals were examined in all, and 
11,104 grubs extracted and the mortality determined. Checks were made at periods of from 
7 to 12 days after treatment. On the farms checked, all animals which had been sprayed were 
examined. It should be noted that conditions for spraying on many farms in Goderich Town- 
ship were probably as difficult as are likely to be found on Ontario farms. 


Following are the results obtained from herds examined after the second spray in the 
supervised township and in unsupervised townships: 


Number of Number 
Township Animals of Grubs Mortality 
Supervised 
29 Herds 
Huron County: 
Goderich 643 2368 81.1% 
Unsupervised 
44 Herds 
Huron County: 
East Wawanosh 101 AA 56.8% 
Morris | 146 1030 38.8% 
Turnbury 70 492 85.2% * 
Bruce County: 
Bruce 93 721 DDG, 
Brant 45 303 BUA 
Greenock 71 652 Bod 
Carrick et AT) 36.8% 
Culross 135 700 50.6% 
Lindsay 52 150 we YG, 
Eastnor 44 306 84.997* 


It should be stressed that the number of grubs listed, includes only the number extracted 
and checked. It does not represent the total grub population. It should be borne in mind 
also that mature animals, through an apparent acquired immunity, may carry no grubs. The 
average number of grubs per immature infested animal is therefore much higher than these 
figures indicate. 


*It will be noted that these two townships show a much higher mortality than in any other 
unsupervised township. In Turnbury Township spraying was done on contract by the operator who 
also held the contract for Goderich Township—the supervised area. In Eastnor Township. spraying 
was also exceptionally thorough according to the report of the District Representative of the De- 
partment of Agriculture. 


78 REPORT OF THE ENTOMOLOGICAL 


EXPERIMENTAL CONTROL STUDIES 


Experiments were conducted in 1948 using entire herds. These included hand spraying, 
hand dusting and power spraying. Power spraying involved the use of different types of nozzle 
discs, different pressures, angles, and quantities of spray material. These factors were also 
studied in various combinations. The results form the basis of the Warble Fly Committee’s 
present recommendations for control in Ontario. A portable chute, constructed by the De- 
partment of Agricultural Engineering of the Ontario Agricultural College, was used experi- 
mentally on several farms to simulate control conditions in Western Canada and. the Western 
United States. Effective results were secured but such difficulty was encountered in getting 
the animals into the chute that its use is considered impracticable under Ontario conditions. 
The space required would not justify the recording here of details of experimental results or 
much information on such points as control in tied and untied animals, infestation in rough— 
and smooth—coated animals, and mature and immature animals. These can be secured from 
the records of the experimental work or from the accompanying survey. Hand-treated herds 
showed a mortality of 98.5%. Untreated herds again showed practically no deed grubs. 


BIOLOGICAL STUDIES 

Studies were conducted to determine the time of appearance of grubs in the backs of 
animals and certain other life history features. Animals in the College herds were fitted with 
canvas “girdles” to catch mature larvae as they emerged from the backs. 179 other cattle were 
examined at weekly intervals over the season to determine the times of appearance of larvae 
in the backs. The results of these observation determined the Committee’s recommendations 
for the timing of treatments. It is interesting to note that the 11,104 grubs checked in the 
whole programme were almost. entirely those of Hypoderma bovis (L), the species which gads 
cattle in Ontario. 


Reports on the biological studies carried on by J. D. Gregson at the Dominion Kamloops 
Laboratory were received ‘regularly. These were of much value to the committee in their final 
recommendations with regard to the control programme in Ontario. 


ROTENONE CONTENT OF DERRIS POWDER 


During the spraying season analyses for rotenone centent of the derris powder used in 
Goderich Township were made. Efforts were made to have analyses dene by various laboratories 
in Canada, but of those approached only the Chemistry Department of the Ontario Agricultural 
College was prepared to undertake the work. One analysis was made by the Ontario Research 
Foundation late in the fall, but possibly due to the material having been kept so long, the 
result was so at variance with the others that it had to be disregarded. Analyses also were 
made by the Insecticide Division of the Bureau of Entomology and Plant Quarantine at Wash- 
ington. We appreciate the readiness of officers of the Bureau not only to assist in analyses 
but also their interest in and advice with respect to the whole programme. The derris powder 
used in Goderich Township was supplied on a basis of 4.6% rotenone. Of eleven analyses 
made one gave a result of 4.94%; all others ranged from 3.5% to 3.9%. Fortunately commercial 
controls were secured in Goderich Township. Otherwise it would have been necessary to 
throw the whole programme out on the basis of rotenone content. Samples of derris powder 
used in Bruce County and supplied on a 5% basis, showed analyses of 4.8%, 3.9% and 4.0%. 


PROGRAMME IN 1949 AND 1950 


POPULATION STUDIES 


Surveys of numbers of larvae in the backs of cattle begun in 1948 were continued in 1949 
and 1950. Immature cattle in untreated herds showed an average grub population in the three 
years of 12.2,,12.0 and 12.0 respectively. These surveys are of great value in assessing the 
effectiveness of the control programme. For example, in Bruce County where the mortality 
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was low after treatment in 1948, as shown in the previous table, the average population in 
immature animals was reduced from 11 in 1948 to 9.5 in 1949. With thorough supervised 
treatment in 1949, the population was reduced to 2.95 average in immature animals in 1950. 


PRESENT EXTENT OF CONTROL PROGRAMME 


On recomendation of the Warble Fly Committee a revised Warble Fly Act was passed in 
the spring of 1949 with regulations under the Act also recommended by the committee. In- 
spectors are appointed under the Act for each township, and these inspectors are required 
to attend a one-day school in their area for training. Each inspector now receives a copy of 
a manual issued for his guidance. A chief inspector is appointed by the Province. In 1950, 
59 townships carried on a control programme under the Act. 545,302 individual treatments 
of cattle were given in these townships. It is expected that over 70 townships in the Province 
will be under the Act in 1951. 


Insofar as is known this is the first large scale control programme on the continent being 
conducted under conditions similar to those of this Province—where cattle are treated either 
tied, in loose boxes, or in temporary corrals in the field. 


In general results have been very satisfactory. In some townships the population has_ been 
so reduced that the Warble Fly Committee is faced with the necessity of urging the township 
council to continue the programme. 


The establishment of a Warble Fly Committee for the Province has been of great help 
in bringing together the various interested agencies. 


Payment by the Province of half of the cost of the insecticide and half of the salary and 
expenses of each inspector has been of great help in encouraging the development of the 
programme. 


On the basis of research, experimentation, surveys, and field experience the Warble Fly 
Committee has recommended the following programme now in effect in Ontario. 


NUMBER AND TIME OF TREATMENTS 


At least two treatments must be applied. Three are recommended. Where only two treat- 
ments are given, times for these are from the Ist to the 18th of April inclusive and the Ist to 
the 3lst of May inclusive. Not less than three weeks and not more than four weeks should 
elapse between treatments. Where a third treatment is given it should be in the period from 
the 2nd to the 17th of June inclusive. 


POWER SPRAYING 
Mixture 
Derris or Cubé (5% rotenone) at the rate of 714 lbs. to 80 Imperial gallons of water or its 
equivalent. 
Quantity per Animal 


The skin of animals must be thoroughly wetted. This will require approximately 1 gallon 
per animal, depending on size and the density of coat. The time necessary to spray this 
volume should be determined with the aid of a time check by spraying into a container. 


Pressure 


A pressure of approximately 400 Ibs. should be used. Higher pressures are not recommended. 
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Angle and Cone 


Spraying should be done directly on the animal’s back at an angle of between 45° and 
90°. The nozzle of the gun must not be over a foot from the animal’s skin. The size of the 
cone of spray striking the animal should not be over six inches. | 


Spray Gun or Rod 


A gun with a quick shut-off should be used. The gun or rod should be about forty-eight 
inches in length, with a bend in the rod, or the nozzle at an angle, to give the proper angle 
in spraying. | 


Size of Nozzle 


A single nozzle with a No. 5 disc (5/64” diameter) should be used. Discs must be changed 
as they become worn. 


Areas of Animals to be Treated 


The spray should be applied over an area 1 foot wide on each side of the backbone. This 
would involve the movement of the gun back and forth at least twice along the animal’s back. 
The operator should be at the rear of the animal. 


Disinfecting Equipment 


Operators’ boots and equipment should be disinfected before leaving each farm. 


HAND TREATMENT 


Control by this method consists in scrubbing the backs of infested animals with a derris 
or cubé-water mixture. The wash can be applied either, (a) from a sprinkler-top container 
and worked well into the hair with a brush or (b) the brush can be dipped into a bucket of 
the mixture. In either case, care should be taken to thoroughly wet the skin and to loosen 
any scabs over the grub holes. 


Mixture for Hand Treatment 


Derris or Cubé (5% rotenone) — 1% pound 
Neutral soap — 2% ounces 
(Alkaline soaps must not be used.) 
(7 ounces wettable sulphur may be used in place of soap.) 


Water =~ aleealion, 


There are commercial preparations on the market for hand treatment. These are all re- 
gistered under the Pest Control Products Act and should be effective when used as directed. 


As a supplement to power spraying, it is desirable to hand treat cattle which have only 
received two sprays and which may show evidence of late grubs after the last spraying and 
before the cattle are finally turned out to grass. Examine young stock particularly. 


SUMMARY 


Studies of warble fly control in Ontario over a four year period are reported. The organi- 
zation of the present extensive programme in Ontario under the Warble Fly Control Act, as 
directed by the Ontario Warble Fly Committee, is reported. Details of the present control 
measures are given. 


SOCIETY OF ONTARIO 81 


CHEMICAL CONTROL OF THE OYSTERSHELL SCALE 
IN THE GEORGIAN BAY AREA OF ONTARIO’ 


Ilo ANS Ie lAIE ee 


Dominion Entomological Laboratory, Simcoe, Ontario. 


In the apple-producing areas near Georgian Bay, Ontario, the oystershell scale, Lepidosaphes 
ulmi (L.), increased greatly in numbers during the early ‘forties. By 1946 it was attacking 
apple trees in such numbers that limbs and even whole trees were killed, the varieties Baldwin 
and Northern Spy suffering to the greatest extent. The development of resistance to formerly 
effective control measures, and the effects of new spray materials and subzero temperatures on 
the parasites and predators of the scale, are possible factors responsible for the build-up in 
scale population. However, too little is known about the status of the natural enemies of the 
scale in Ontario and about the influence of spray treatments on them to permit any definite 
conclusion on the causes of the outbreak. 


This paper covers the data obtained during chemical control studies carried on in six 
orchards near Thornbury from 1947 to 1949 inclusive. The individual plots contained 24 or 
more trees and in most cases were duplicated. Northern Spy and McIntosh were the principal 
varieties. 


MATERIALS 


Some of the older and a number of the newer insecticides were tested in either dorniant or 
summer applications, sometimes in combination with an acaricide. In the dormant treatments 
three types of oil were compared: ‘regular’ (low-paraflinic) tank-mixed, ‘regular’ emulsible, 
and ‘superior’ (high paraffinic) tank-mixed. Three dinitro materials, Elgetol, Krenite, and 
DN-289, were also used at the dormant stage. The summer treatments included summer oil 
(with and without nicotine), parathion, and DDT alone and in combination with the acaricides 
HETP, ammonia-DNOCHP, and mono-DNOCHP. 


The dormant tank-mixed oils were emulsified with 4 0z. of 50 per cent blood albumen per 
100 gal. of spray, irrespective of the concentration of oil. The summer oil was emulsified with 
3 oz. of calcium caseinate per gallon of oil. 


Specifications and sources of the materials were as follows:— 
Enarco Dormant Oil.—“Regular” type. Viscosity Say. 170. Canadian Oil Company. 


' Imperial Forum 46 Oil—“Regular” type. Viscosity Say. 228; viscosity index 77; gravity A.P.I. 
26.3; pour point —30° F.; flash point 410° F. Imperial Oil Company of Canada. 


Shell Neutrol Emulsible Oil.—‘Regular’ type. Mineral oil 98.6%; viscosity Say. 200-210; 
gravity A.P.J. 24. Shell Oil Company of Canada. 


Superior Dormant Oil.—‘Superior’ type. Viscosity Say. 90-120; viscosity index (kinematic) 
110 minimum; gravity A.P.I. 32; pour point no greater than -30° F.; homogeneity — a distillate 
with relatively narrow range in boiling point. Canadian Oil Company. 


Imperial X Oil 19-47.—‘Superior’ type. Viscosity Say. 113; viscosity index 98; gravity A.P.I. 32; 
pour point -10° F.; flash point 390° F. Imperial Oil Company of Canada. 


-Marcol HX Oizl.—Viscosity Say. 75-85; unsulphonated residue 96%. Imperial Oil Company 
of Canada. 


1Contribution No. 2756, Division of Entomology, Science Service, Department of Agriculture, 
Ottawa, Canada. 


2Officer-in Chance: 
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Elgetol._Sodium dinitro-o-cresylate 19.95%; actual dinitro-o-cresol 17.6% (=26.7 oz. per 
can of 1 U.S. gal.).. Standard Agricultural Chemicals, Inc. 


Krenite.—Sodium dinitro-o-cresylate 25%; actual dinitro-o-cresol 22.5% (=34.2 oz. per can 
of 1 U.S. gal.). Canadian Industries Limited. 


DN-289.—Triethanolamine salt of dinitro-secondary-butylphenol. Dow Chemical Company. 


DDT.—50% wettable powder. Geigy Company Inc. (1947); Green Cross Insecticides Ltd. 
(1948 and 1949). 


Parathion.—25% wettable powder, Dow Chemical Company. 15% wettable powder, American 
Cyanamid Company. 


HETP.—Hexaethy] tetraphosphate. Niagara Brand Spray Company. 


Ammonia-DNOCHP.—A tank-mixed preparation containing 2 fl. oz. of aqua ammonia and 
5 oz. of finely ground dinitro-o-cyclchexylphenol per 100 gal. of spray. DNOCHP from Dow 
Chemical Company. 


Mono-DNOCHP.— —Prepared in the same manner as ammonia-DNOCHP but with mono- 
ethanolamine instead of ammonia. 


Nicotine sulphate—Black Leaf 40. 40% nicotine. Tobacco Byproducts & Chemical Corp. 


TIME AND METHOD OF APPLICATION 


The dormant applications, designed to destroy the overwintering eggs, were made in the 
spring while the buds were still dormant or only slightly swollen and at temperatures from 40 
to 55° F. The summer applications, to kill the newly hatched ‘crawlers’, were made at petal- 
fall (‘calyx’ spray) and in a few cases 12 days later. The weather was moderately warm, and 
about 50 per cent of the scale eggs had hatched at petal-fall. 


Treatment of the test plots differed from that of the checks, which received the standard 
bordeaux mixture-sulphur-arsenic schedule, in that the dormant materials were applied prior 
to the regular schedule, the special materials used in the summer were added to one or two 
of the standard applications at the times stated, and ferbam was substituted for sulphur on 
plots treated with summer oil. 


Several conventional sprayers were used at different times and in different orchards. Each 
was equipped with an 8-nozzle broom, operated from the top of the tank, and a single gun 
on a ground line. ‘The machines were operated at 425 to 600 pounds air pressure. In some 
applications each tree was completed at one operation; in others the trees were sprayed from 
two opposite sides, depending on wind and ground conditions. 


RESULTS OF TREATMENTS 


The treated trees were examined closely for bud or foliage injury, but no apparent detri- 
mental effects were observed from any of the treatments. The efficiency of the various mate- 
rials against the oystershell scale was determined by observing their effect upon eggs and 
crawlers and by late summer counts of young scales established on the wood of 100 terminal 
twigs of the current season’s growth, and on the total fruits from one tree in each plot. The 
degree of control was calculated by Abbott’s formula from the differences in scale counts be- 
tween the treated plots and checks. Notes were also taken on the influence of the materials 
upon the European red mite, Metatetranychus ulmi (Koch); the white apple leafhopper, 
Typhlocyba pomaria McA.; and the codling moth, Carpocapsa pomonella (L.). No other insects 
were present in significant numbers. The results are summarized in Table I. | 
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Table I 


EFFECTIVENESS AND COSTS OF MATERIALS TESTED 
FOR CONTROL. OF THE OYSTERSHELL SCALE, 
GEORGIAN BAY, ONT., AREA, 


1947-1949: 
Cost per 
Material Amt. per 100 gal. No. of Average, 100 gal. 
plots control%' of spray 
Dormant treatments $ 
UL DEIG) pice ee ere 114 can = approx. 1 gal. 4 OO%7, 3.80 
feperial Forum 46 oil..............:. 3 gal. 2 99:3 3.80 
DELETE. Giboase cpa ae a 114 can = approx. I gal. 2 99% 3.80 
SS SSD chica ee eS eae 24 (Ute 2 63.0 BHD 
Enarco dormant oil 
(regular? tank-mix)_.......... 5 gal 2 98.0 1.70 
Imperial Forum 46 oil 
(reeutar “tank-mix)’ ..:....... 5 gal Z, 98.0 1.70 
4 gal 2 80.0 1.40 
2) Gall 1 62.0 1.10 
Shell Neutrol emulsible oil 
(sesular’ emulsible) .......... 5 gal. 3 97.8 2.00 
Superior dormant oil 
(superior tank-mix) ....:... 4 gal. ZZ 96.1 1.75 
Imperial X oil 19-47 
(‘superior’ tank-mix) -.......... 4 gal. Z 78.9 Hos 
3. gal. ] 53.0 1.35 
Summer treatments (petal fall unless otherwise stated) 
LT GE MAES ere eer a Zl 2 96.8 70 
EE 50” 2.5. ERE ste ec Seen Zlib: 
ammonia-DWNOCHP © ......2....0...:. Oz 1 959 2.85 
ly DU ae eee eee nea Moy 
ETE 6 geass ee Y% pt. 1 99:9 2.85 
woke BAS ee I Ee ee eee 2 |b. 1 
Beane WNOGHP hee Sede: B) Ore 
Kaybetal-fall wii Wana ne 98.3 2.85 
(b) Petal-fall and 12 days later 2 G98 2.85 
pena BONTOM 290% 9 2.0. sal. 27 lot 2 99.7 1.41 
BetEPeEOT WHT eo kN. Eb: 
Ganbetal-fall: .060)....000 0k. 2 93.8 85 
dylan days: later 2.08. Ses. 2 53.0 .85 
|S COTIN 5 DGC) t GI eee eee er eeeeen ae 1 gal. 3 93.8 1.70 
MERGOMP ED MOU, 65.355. Bice ooh cn seit ns asks 1 gal. 
Bitcotine -suphate ...........2.)..000: 1 pt. 1 96.3 4.15 


Dinitro Compounds.—The dinitro pastes (Elgetol and Krenite) at 1 can (=1 U.S. gal.) or 
114 cans per 100 gal. of spray acted as very efficient ovicides and gave controls of 99 per cent 
or more. DN-289 at .75 per cent was relatively ineffective, giving about 62 per cent control. 
The addition of 3 per cent dormant oil emulsion to an Elgetol spray did not increase its 
effectiveness. / 


1QOn basis of Abbott’s formula. 
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Dormant and Summer Oils.—Five per cent concentrations of the ‘regular’ dormant oils, either 
tank-mixed or emulsible, gave 98 per cent control, but 4 and 3 per cent emulsions of the 
tank-mixed oil gave only 80 and 62 per cent control respectively, which is not sufficient for 
commercial control. The so-called superior oils at 4 per cent were similar in oost to the 
‘regular’ oils at 5 per cent but were somewhat less effectiye and at 3 per cent they were entirely 
inadequate. 


All the dormant oils had low ovicidal value, their principal action being a high residual 
toxicity to the crawlers. 


Summer oil (Marcol HX). at 1 per cent in the petal-fall- spray gave 88 and 94 per cent 
control; the addition of nicotine sulphate, 1 pt. to 100 gal., raised this figure to 96 per cent 
but more than doubled the cost. 


DDT.—An application of 50 per cent wettable DDT, 2 lb. of powder per 100 gal., at petal- 
fall (variety Northern Spy) was nearly 97 per cent effective in destroying the crawlers. The 
addition of an acaricide such as HETP, ammonia-DNOCHP, or mono-DNOCHP to the DDT 
spray gave controls of 98 to 99.9 per cent. Two applications (at petal-fall and 12 days later) 
of the last mixture produced no appreciable increase in scale mortality. 


Parathion.—In 1948 parathion at 2 lb. of 25 per cent wettable powder in 100 gal. of the 
petal-fall spray gave 99.7 per cent control. In 1949, a 15 per cent wettable powder at 1 lb. per 
100 gal. at petal-fall gave 93.8 per cent control but when applied 12 days later gave only 
53 per cent. 


EFFECTS OF TREATMENTS ON OTHER PESTS. 


Over the period of investigation the European red mite was the most important pest other 
than the oystershell scale. In 1947 the infestation developed to serious proportions in the 
check and dinitro-treated plots and caused conspicuous injury to the foliage by late July and 
August.In the plots that received either oils or acaricides the mite was held down to low 
levels, and where build-up did occur it came so late that no appreciable harm was done. The 
ratio of mites on August 22 was estimated at 10 in the check and dinitro plots to one in the 
oil- and acaricide-treated plots. An examination in October indicated a similar relationship 
in the numbers of winter eggs on the twigs and fruit. 


In 1948 and 1949 this mite increased to large numbers and caused moderate to severe: injury 
in some adjacent orchards but did not cause conspicuous injury in any of the experimental 
plots. There were, however, some distinct differences in mite populations from plot to plot, 
emphasized particularly in the numbers of winter eggs on the wood and fruit at the end of 
each season. Eggs were particularly numerous in plots that received DDT, light to moderate 
in numbers in the dinitro plots, and almost absent in plots that received dormant oils and 
parathion. 


The white apple leafhopper occurred in outbreak form in the Georgian Bay area in 1948. 
In that season plots sprayed with DDT or with parathion at petal-fall were almost free of the 
‘insect whereas the plots treated with dormant oil, summer oil, or dinitro sprays were infested 
to such an extent that marked folliage injury occurred. 


Treatments given either as dormant or as petal-fall applications did not reduce codling 
moth injury; on the contrary, these plots showed somewhat higher amounts of injury, ranging 
from 4 to 9.7 per cent as against 3.5 per cent in the check. The latter received only the 
standard fungicide plus arenic schedules. ‘The injury in plots treated with DDT and an acaricide 
in the first cover (12-day) application compared closely with that in the check. ' 
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DISCUSSION 


Various materials will give good control of the oystershell scale. In choosing a treatment, 
both the cost and the effect on other pests must be considered. 


Table 1 shows the approximate costs of the various materials used for each 100 gallons of 
dilute spray. The dormant treatments must be considered as extra sprays and therefore the 
cost Of application must be added to the cost of the materials, whereas in the summer treat- 
ments the materials were added to one of the regular sprays at no additional cost for appli- 
cation. If oystershell scale control is the only consideration, it can obviously be accomplished 
readily and more cheaply with summer treatments. 


The final choice of a treatment will depend largely on what other insects or mites are 
present. If the eye-spotted bud moth, Spilonota ocellana (D. & S.); the cigar casebearer, Coleo- 
phora occidentis Zell.; or the rosy apple aphid, Anuraphis roseus Baker, is present in trouble 
some numbers a dinitro spray is preferable, as it will control these pests as well as the scale. 
One must keep in mind, however, that the use of a dinitro spray may lead to a mite problem 
and the need for an acaricide later in the season. The dinitros are the most expensive of the 
materials listed and acaricides, too, are expensive. Also, the dinitros will not control the fruit 
tree leaf roller, Archips argyrospila (Wlkr.). 


Dormant oils are almost as effective as the dinitros against the oystershell scale. ‘They will 
also control the fruit tree leaf roller and the San Jose scale, Aspidiotus perniciosus Comst., and 
will reduce the mite hazard very appreciably. ‘They cost only about half as much as dinitro 
sprays, but they do not control the bud moth, the white apple leafhopper, the rosy apple aphid 
or the cigar casebearer. 


Parathion in the petal-fall application is effective against the oystershell scale, the European 
red mite, and the white apple leafhopper. Its cost is comparatively low and it is added to a 
regular application. There are some hazards in its use. 


DDT is highly effective against both the scale and the white apple leafhopper at low cos‘, 
but it favours the build-up of the European red mite and so may necessitate the use of an 
acaricide later in the season. 


SUMMARY 


In experiments carried on in the Georgian Bay area of Ontario from 1947 to 1949 for the 
control of the oystershell scale, dormant treatments of either sodium dinitrocresylate or 5 per 
cent oil emulsions were very effective. At concentrations equivalent in cost, ‘superior’ (high 
paraffinic) oils were not more effective than ‘regular’ (low paraffinic) oils. Tank-mixed and 
emulsible oils were equally efficient. Dinitro-secondary-butylphenol was ineffective. Petal-fall 
applications of either DDT or parathion gave good control. 


The dormant oils helped to control the European red mite, whereas the dinitro materials 
promoted mite injury. DDT favoured mite increase to an even greater extent but controlled 
the white apple leaf hopper. Parathion simultaneously controlled the oystershell scale, the 
European red mite, and the white apple leafhopper. The choice of a treatment for scale 
control depends on the cost and on the presence of other pests. 
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PRELIMINARY TESTS OF A SYSTEMIC 
INSECTICIDE FOR THE CONTROL OF APHIDS ON POTATOES’ 


R. A. -KELLEY? 


Field Crop Insects Laboratory 
Fredericton, N. B. 


Bennett (1949) defined a systemic insecticide as ‘“‘a chemical ‘substance which is absorbed 
by the plant and transferred to all parts of it, rendering it insecticidal”. If a suitable systemic 
insecticide is developed, it should prove very valuable to potato growers. he ideal systemic 
insecticide is one that would produce, as the result of a single spray application, an insecticidal 
effect in the plant throughout the growing season. Such an insecticide, however, must not be 
stored in the tubers. 


Martin (1950) reviewed the history of systemic insecticides and the factors affecting their 
practical use. Most research inas been carried out by Ripper and others (1949, 1950) using the 
systemic insecticide schradan, bis (bis dimethylamino phosphonous) anhydride. These workers 
found that predacious insects, such as adult coccinellids and larvae of syrphids and parasitic 
Hymenoptera of the genus Aphidius, were not killed, whereas the aphids upon which they 
were feeding were killed by ingestion of the systemic insecticide. ‘Thus, part of the usefulness 
of schradan lies in its apparent action as a selective insecticide. 

Another systemic insecticide, Systox, diethyl ethylmercaptoethyl thiophosphate, has been 
produced recently by Geary Chemicals, New York, but little is known to date about its 
entomological, plant physiological, and toxicological properties. 


METHODS 


The experimental area was planted on June 23 at Woodstock, N.B. The design was a 
randomized block of four treatments replicated twice. Each plot contained two rows of 
Katahdin potatoes, each row being 25 feet long. ‘The plots were segregated from each other by 
barriers of oats nine feet wide. The treatments were as follows:— 


A. Machine-made drills were sprayed with two pounds of Systox per 100 imperial gallons 
of water at the rate of 125 gallons per acre immediately before planting. 

B. The seed pieces were dipped in a solution of two pounds of Systox per 100 imperial 
gallons of water immediately before planting. 

C. The plants were sprayed with two pounds of Systox per 100 imperial gallons of water 
at the rate of 125 gallons per acre on July 13, one week after emergence. 


D. On the checks no insecticide was used. 


Weekly aphid counts were made on all the plots rfom July 18 to the end of August. The 
aphids were counted on a top, a middle, and a bottom leaf from each of five plants selected 
at random throughout each plot. Counts were expressed as aphids per 30 leaves. Aphids were 
identified as follows: the green peach aphid, Myzus persicae (Sulz.); the potato aphid, Macro- 
siphum solanifolii (Ashm.); the buckthorn aphid, Aphis abbreviata Patch. 

The plants were top-killed on September 11 with a spray consisting of two gallons of 
Dowspray 66 Improved plus two pounds of aluminum sulphate per 100 imperial gallons of 
water, applied at the rate of 120 gallons per acre. The potatoes were harvested on September 
15. Because of the lack of a fungicide application during the season, the plants were severely 
infected with late blight, Phytophthora infestans (Mont.) de Bary, which reduced the yield of 
disease-free tubers about 50 per cent. 


Twenty-five tubers from each plot were analysed by the Geary Chemical Company by a 
bio-assay method. 


1Contribution on No. 2815, Division of Entomology, Science Service, Department of Agriculture, 
Ottawa, Canada. 


2Technical Officer. 
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RESULTS AND DISCUSSION 


The weekly aphid counts are presented in Table I. 
The most effective treatment for the three species of aphids was spraying the drills imme- 
diately before planting (treatment A). In all plots this appears to have reduced the number 
of aphids throughout the season. Table II shows that treatment A gave the only consistent 
control. The percentage reduction in aphid population effected by treatment A gradually de- 
creased throughout the season, but by August 23 there was still a 51 per cent reduction. 


ea bles a il 


Percentage reduction of aphids on potatoes after one application of each of three treat- 
ments with Systox, Woodstock, N.B., 1950. 


Percentage Reduction 


Date Treatment A* Treatment B Treatment C 
July” 71s 100 80 100 
July 24 92 67 74 
August 1 74 0 0 
August 9 67 6 40 
August 16 58 0 10 
August 23 51 0) 56 
August 31 38 63 63 


————-- 


Treatments B and C gave inconsistent results. On July 18 and 24 reduction of the aphid 
population on these plots was efficient, but this was the time aphids were establishing them- 
selves on the plants and the results cannot be conclusive. After July 24 the reduction of aphid 
population became erratic. 


The report of the tuber analyses received from Geary Chemicals was as follows:— 


Treatment Systox in Parts per Million 
A 0.5 
B 1.0 
C 0.25 
D 0.0 


When compared with check plots of other experiments at the Woodstock field station, the 
check plots of the Systox experiment had a much lower aphid population. This may be 
accounted for in part by the fact that the Systox experimental area was planted approximately 
16 days later than the others, thereby delaying the establishment and build-up of aphids on 
the plants. 


In a crop such as potatoes, the amount of insecticide stored in the tubers is of first im- 
portance. The analysis indicates that the least amount of Systox was stored in the tubers 
when the plants were sprayed one week after emergence; the greatest amount of Systox storage 
occurred when the seed pieces were dipped in the formulation and immediately planted. The 
latter treatment was the least satisfactory from a commercial standpoint, for the aphid popula- 
tion was not efficiently reduced. 

REFERENCES 
BENNETT, S. H. 1949. Preliminary experiments with systemic insecticides. Ann. Appl. Biol. 

36: 160-163. 

Martin, H. 1950. Factors affecting the practical employment of systemic insecticides. Canadian 

Ent. 82: 247-249. 


Rierer, W. E., GREENSLADE, R. M., and LickrrisH, L. A., 1949. Combined chemical and bio- 
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* See text. 
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SOME RESULTS OF AN INVESTIGATION OF THE REPELLENT 
EFFECTS OF DDT TO THE HONEY BEF’ 


A. J. MUSGRAVE 
Department of Entomology and Zoology, Ontario Agricultural College 


INTRODUCTION 


As a part of the programme of the Legume Research Committee in Ontario it became 
desirable to know if DDT, when applied to legume forage crops, particularly those grown for 
seed, caused any significant repellency to, or mortality among, bees and other pollinators that 
would normally visit the crop; and it was the object of the present work to study primarily 
such repellency and secondarily such mortality as might be caused. 


It is intended that a full account of this work, which has extended over two years, shall 
appear elsewhere, when the results have been more fully co-ordinated and analysed; but it 
seemed that a brief account might be of value at this time. 


A compilation of the literature on honey bee toxicology has recently been published 
by Musgrave and Salkeld (1950). ‘There are indications of difference of opinion about re- 
pellency and mortality. Here it may be remarked that in making comparisons of results of 
different investigators it is of the utmost importance to take into account their terms of re- 
ference and the conditions of the test; in particular, laboratory results cannot necessarily be 
compared with field results, even when obtained by the same investigator. 


MATERIALS AND METHODS 


Insecticides used were: 


(i) a wettable powder containing 50%, DDT which was diluted in water; 
(ii) a stock emulsion containing 25%, DDT which was diluted with water; and 
(iii) a dust containing 3% DDT which was applied in that form. 


Applicators used were a John Bean “Spartan” sprayer mounted on wheels and equipped 
with a gasoline engine; a small hand potato duster; and a Messinger Traction single-wheel 
duster. 


The method, basically, was to determine by a simple counting method the extent to which 
bees were working a particular area, and then to treat the area with various dusts and sprays, 
leaving certain parts untreated to form checks. Further assessments by counting then de- 
termined to what extent bees were repelled. Naturally, it was desirable to make whatever 
allowances possible for factors such as the weather, the condition of the crop, and the area 
of test. 


Each experimental area was therefore divided into plots and these plots were allotted 
different treatments. Some experiments were designed as randomized blocks and the results 
subsequently analyzed statistically using analysis of variance or analysis of co-variance. The 
analysis of co-variance, it was felt, was a readily available method of allowing for the multi- 
farious factors such as weather and crop variation inherent in a problem of this kind. 


In the hope of avoiding the labour and possible lack of preciseness and accuracy of the 
simple counting method, attempts were made to devise means of marking bees or plots with 
fluorescein (Musgrave 1949, 1950). ‘These methods showed considerable promise but could not 
be brought to fruition in time to use in this investigation. It is felt that the counting method 
used gave a reliable assessment of honey bee and wild pollinator activity. 


1Part of the programme of the Ontario Legume Research Committee. 
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CONCLUSIONS 
REPELLENCY 


Work in 1949 was done on small plots of red clover and sweet clover and fairly full 
weather records were kept. In some experiments a plot called a “weather check’ was used: it 
was placed at a little distance from the main plots in each experiment and was intended to 
act as an indicator of the effect that weather alone was having on bee workings. Observations 
on one such weather check suggested that in the main experimental area both the check plots 
and the treated plots were repellent for a short time after the treatment. That is to say the 
check plots had some repellency by virtue of their position next to the treated plots. The 
work of 1950 seems to confirm this idea. 


The conclusion from the 1949 experiments was that DDT sprays made from an oil stock 
emulsion or from a wettable powder, and applied at standard recommended rates of appli- 
cation, caused at most a slight and temporary repellency to honey bees. 


The work in 1950 was on a more elaborate scale; dust treatments were included, and 
counts of wild pollinators were made. It has been possible to subject most of these results to 
an analysis of variance or an analysis of co-variance. Dusts proved very difficult to work 
with as it was found impossible effectively to control drifting. The sprays and dusts were 
applied to alsike clover at very heavy rates of application far in excess of the recommended 
rate, and to sweet clover, in one experiment, at the standard rate. It has seemed reasonable 
to conclude that the work of 1950 confirms that of 1949: DDT causes, at most, a slight tempo- 
rary repellency to honey bees. 


Standard recommended rates taken as: 


2 ibs. of a 50% wettable powder per acre, i.e. 1 lb. actual DDT per acre, or 30—35 Ibs. of a - 
3% dust per acre, i.e. 1 lb. actual DDT per acre. 


Finally, it is of note that seed yields from one heavily treated experimental area showed no 
statistically significant difference between check and treated plots; the difference actually was 
considerable: the higher yield coming from the treated plots. This argues against any long 
term repellency on the treated crop. 


MorTALITY 


The determination of pollinator mortality in the field is fraught with innumerable dif- 
ficulties, many of which have, at most, been only partially surmounted. Little is known of 
normal bee mortality, which must be a variable factor in itself. In one of the experimental 
areas in this work an assessment was made of bee mortality by placing a sheet of white canvas 
in front of a hive placed at the side of the experimental area. The dead on the white canvas 
were counted at intervals. Such a method can give only a very rough idea of such bee mortality 
as might be occurring; for there is no check to act as a comparison and no means, as yet, of 
determining with certainty to what the mortality of any dead bees might be ascribed. For 
example, mortality might be due to ill-health in the colony due to parasitism or to insecticidal 
treatments on some other crop, to senility, or to skunks. 


It was therefore decided to assess the bee mortality by an examination of the hives towards 
the end of the season. Five hives placed at the sides of experimental areas were examined, one 
by an independnt observer. All were found to be in a very healthy condition. This may be 
regarded as an indication that such bee mortality as was occurring was not serious in extent 
(Townsend, 1950). 


Our findings would seem to be in general agreement with those of Hafliger (1949), 
McGregor and Vorheis (1947) and Way and Synge (1948). 
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It should be added that recent verbal reports (Townsend, 1950) of work in the U.S.A. in- 
dicate that application of dusts from aeroplanes may cause mortality to bees because of drift- 
ing into the hive entrance. 


The work reported in this note was done with the considerable help of Miss E. H. Salkeld. 


REFERENCES 


HAruicrr, E. 1949. Comparative toxicity of various insecticides to the honey bee. J. Econ. 
Pint 42: 523. 


McGrecor, S. E. and Voruets, C. T. 1947. Beekeeping near cotton fields dusted with DDT. 
Arizona Agr. Expt. Sta. Bull. 207. 


Muscrave, A. J. 1949. ‘The use of a fluorescent material for marking and detecting insects. 
ane Ent. 81: 173. 


‘Muscrave, A. J. 1950. A note on the dusting of crops with fluorescein to mark visiting honey 
bees. ‘Can. Ent. 82: 195. 


Muscrave, A. J. and SALKELD, E. H. 1950. A bibliography of honey bee toxicology. Can. 
Ent. 82: 177. 


TOWNSEND, G. F. 1950. Private statement. 


Way, M. J. and Synce, A. D. 1948. Effects of DDT and of benzene hexachloride on bees. 
Ann. Appl. Biol. 35: 94. 


“TAGGING” ROOT. MAGGOT FLIES 
(HYLEMYA SPP., ANTHOMYIDAE) BY MEANS OF 
RADIOACTIVE PHOSPHORUS. 


JOHN OUGHTON,’ 


Department of Entomology and Zoology, 
Ontario Agricultural College. 


Root maggots are serious pests of turnips, cabbages, cauliflowers and radishes in Ontario 
and other parts of northern North America. In Ontario the dominant species is Hylemya 
brassicae Bouché. Two other species H. floralis? Fall, and H. cana Macq. (H. cilicrura Rondani) 
are present but their specific separation from each other in the immature stages is very difficult. 
For the time being I have lumped these two together. Since it is not possible to identify the 
adults of any of these species in the field with certainty, accurate observations on these. flies 
are lacking. | 


The purpose of the present preliminary investigation was to determine if radioactive phos- 
phorus (P,.) could be used to tag these flies: PROCEDURE — A plot of early turnips (rut- 
abagas) sown in late May 1950 on the farm of Mr. Wm. Smith was used. The farm is situated 
in Beverly Twp., Wentworth Co., Ont. Such a heavy root maggot population developed early 
in the season that most of this field was ploughed up and resown on June 29 leaving only our 
15 ft. sx 60 ft. plot of the original crop. 


Parts of three rows of similar-looking turnips were selected and staked off so as to contain 
24 plants in each series. These were marked respectively,— “strong”, “weak” and “check”. 


1Grateful acknowledgement is made to Dr. R. S. Brown, Head of the Department of Chemistry, 
O.A.C. for his generous co-operation in calculating the dosage, supplying the P.,, and counters and 
supervising the testing; to Prof. A. W. Baker, Head of the Department of Entomology and Zoology 
and to my field assistant, Mr. R. J. Walsh. 


27. trichodactyla Rondani (see Brooks, Can. Ent. 83(5). 
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On July 4, a 2 ml. solution containing 1 millicurie of Pz. was received by my collaborator 
Dr. R. S. Brown, who further diluted this solution to a convenient volume and poured it 
into the soil at the base of the turnips. In this way the ‘strong’ series received a total of 
0.8 millicurie of Px, the “weak’ series a total of 0.2 millicurie of P;. and the “check” was 
left untreated. | 


On July 13, one half of each series was covered with a cheesecloth cage. The cages were 
examined twice weekly until August 14 when they were removed. Captured flies were tested 
for radioactivity either in the field by means of a portable Geiger-Muller counter or in the 
laboratory of the Department of Chemistry by means of the larger, more sensitive counter. 


Four stations for net sweeps were established in the same field. The nearest one included 
the treated turnips; the farthest one was about 300 yds. away. Anthomyid fliés, captured by 
sweeping ordinary insect nets over the measured courses, were killed and examined for radio- 
activity as before. Sweeps were taken over an average distance of 150 yds. per station and on 
these dates: July 18) 27; August 35 7510) 145 fo andes: 


RESULTS — A. RADIOACTIVITY TESTS 


1. Uncaged turnips: “strong series’—on July 19 one turnip and its surrounding soil were 
removed and examined. There were: four puparia (one H. brassicae, three H. cana floralis) and 
larvae (one H. brassicae, one H. sp.); all six specimens were strongly radioactive. 


2. Caged turnips: “‘strong’”’ series; a total of 10 anthomyid flies was obtained. Of these three 
were radioactively positive: 
July 27 — one male H. brassicae 
July 21 — one male H. brassicae 
one male H. cana 


“Weak” series: six anthomyid flies found were all negative; 


“Check” series: three anthomyid flies obtained were all negative. 


3. Sweeps: An average of eleven anthomyids per icy was obtained at the stations. None of 
these were radioactively positive. 


B. OTHER OBSERVATIONS 


A large population of aphids (not identified but probably Rhopalosiphum pseudobrassicae 
(Davis) developed on the leaves of the caged turnips of the three series. Aphids were scarce on 
the nearby uncaged turnips. 


DISCUSSION AND SUMMARY — This preliminary work shows that it is possible to tag root 
maggot flies by applying radioactive phosphorus to the soil around the root of the host plant. 
A dose of 0.2/24 millicurie of Pz, per plant yielded no positive flies whereas a dose of 0.8/24 
millicurie of Pz. resulted in 3 positive flies as well as 6 positive immature forms. It is possible, 
therefore, that radioactive tagging may be an aid in the study of root maggot flies and their 
parasites with respect to their dispersal, local distribution and habits. 

A major difficulty in the way of successful application of this tagging technique, is how 


to concentrate the precious Pz. so that much of it is picked up by the root maggots. The 
natural population of root maggots on the Smith farm in the summer of 1950 did not average 
more than five per turnip at any one time. perhaps it will be possible to culture maggots 
on an artificial medium treated with Pz, or to collect young root maggots from untreated roots 
and transfer them to treated roots. Even if this is achieved, effective numbers of tagged adults 
at any given time will be relatively low since all stages of the life history are variable in 
duration. 
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STUDIES ON THE USE OF DDT AND METHOXYCHLOR 
FOR HOUSEFLY AND HORNFLY CONTROL WITH ESPECIAL 
REFERENCE TO RESIDUES IN MILK 


EE A; Birk? and: S..E. Dixon? 
Ontario Agricultural College 


The data presented in this paper are the result of co-operative studies conducted during 
the past two years by the Departments of Entomology and Chemistry of the Ontario Agricultural 
College. It was felt, at the time these studies were undertaken, that more information on DDT 
and methoxychlor residues occurring in milk as a result of cow and/or barn spraying was 
desirable. For convenience of presentation the various studies are reported as separate parts 
of this paper. 


ACKNOWLEDGMENT 


The authors are indebted to F. E. Roadhouse for assistance in connection with the 
analytical work. 


Pe ele DD) CONKENT OF (MILK AS A RESULT OF COW AND 


BARN SPRAYING 


Early in 1949 considerable opposition (Dunbar 1949; U.S.D.A. 1949) arose to the use of 
DDT on dairy cattle and in dairy barns. Howell et al (1947) used abnormally large amounts 
of DDT on dairy cows — daily applications of 2 quarts of 5 per cent DDT in water suspension 
per animal. The milk was analyzed daily, the minimum DDT content (33.6 p-p.m.) occurring 
on the twentieth and final day of spraying. Three and one-half months later the milk still 
contained 1.3 p.p.m. Where cows were sprayed fortnightly with 0.25 per cent DDT wettable 
powder suspension or emulsions, the milk was found to contain from 0.2 to 2.5 p.p.m. of DDT. 

Carter et al (1949) made weekly analyses of the milk from commercial dairy herds sprayed 
five times, during an approximate 5 months period, with a 0.5 per cent wettable powder sus- 
pension of DDT. The milk during this period showed DDT contents ranging from 0.1 to 
2.0 p.p.m., with an average of approximately 0.5 p.p.m. Six sprayings, during the same period, 
with a 0.25 per cent wettable powder suspension resulted in DDT contents of from 0.1 to 
1.5 p.p.m., with an average of approximately 0.3 p.p.m. 


Carter et al (1949) have reported data pertaining to the DDT content of milk following 
one high-pressure spraying of cows with a 0.4 per cent wettable powder suspension. The cows 
were sprayed over the entire body to the point of saturation, and there was considerable run-off. 
One cow was hand-milked, without particular precautions to prevent external contamination 
of the milk. Amounts of DDT averaging 1.3 p.p.m. appeared in the milk over a period of 
approximately 5 weeks. The maximum content (3 p.p.m.) was shown by the first sample, 
‘which was taken on the second day after spraying. The last sample taken still contained 
0.4 p.p.m. 


In view of the fact that the above studies apparently involved only the spraying of the 
cows, it was considered of interest to study the combined effect of spraying both the cows and 
the dairy barn on the DDT content of the milk. The O.A.C. dairy herd was used for this 


1Department of Chemistry. 
2Department of Entomology and Zoology. 
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experiment. Unfortunately a DDT spray had been applied approximately one month before 
the first treatment of this study. However, for purpose of blank determinations composite 
milk samples were obtained from two other herds where no previous DDT or DDD treatments 
had been used in 1949. 


The O.A.C. dairy herd is a mixed herd containing pure-bred representatives of the Holstein, 
Ayrshire, Jersey, and Guernsey breeds. ‘The herd was pastured except during milking hours. 
Milking was done by machine, the usual precautions, such as washing the nde etc., being 
observed to prevent contamination of the milk. 


SPRAYING PROCEDURE 


A water-suspension of a 50 per cent wettable DDT powder was applied at approximately 
250 Ibs. pressure by means of a small power sprayer. In the barn the DDT was used at the 
rate of 1 lb. to 5 gallons of water, the entire barn being sprayed to the run-off point. Care 
was exercised during spraying to keep the spray out of drinking bowls and mangers in order 
to avoid contamination; and, immediately after spraying, the drinking bowls were emptied 
and the mangers washed. The cattle were sprayed on the same day as the barn, the DDT 
powder being used at the rate of 1 lb. to 20 gallons of water. About one-half gallon of spray 
was used per animal with wetting to the base of the hair. ‘This treatment resulted in fly control 
up to 3 weeks, the intervals between sprayings being governed by the recurrence of an annoy- 
ing abundance of horn flies. 


SAMPLING 


Samples were taken on the day previous to sprayings and on the first, second, and third 
days, respectively, after spraying, and thereafter at weekly intervals. In a few instances circum- 
stances developed which prevented a strict adherence to this schedule. 


Quart milk bottles which previously had been thoroughly cleaned, dried and capped were 
used for collecting the milk samples. These bottles were filled to within about 2 inches of the 
top, 2 ml. of formalin were added as a preservative, and the bottles were stored in a refrigerator 
until the time of their analysis. Each sample represented a composite from a number of cans. 


METHODS OF ANALYSIS 


The method .of Schechter et al (1947) was used for the extraction of DDT and fat from 
the milk, and the subsequent separation of the fat from the DDT. The DDT was determined 
colorimetrically by the method of Schechter et al (1945). 


The standard curve necessary for the calculation of DDT-content was determined by using 
a sample of the same technical DDT as was used for spraying purposes. The density measure- 
ments were made at 600 m.y. using a Coleman Universal Model 11 spectrophotometer, with 
matched round cuvettes. Preliminary studies had indicated that averaging the results from 
readings made at 600, 620, and 640 m.y., showed no significant difference as compared with the 
results from the readings made at 600 m.y. Blank analyses were run on samples from the two 
control herds, referred to above, and the results were applied as corrections to the values ob- 
tained on samples from the sprayed herd. Results on the control samples from the two herds 
were the same numerically and were both very low. 


RESULTS 


The results of the determinations on samples of milk from the O.A.C. dairy herd are 
shown in Table 1. The same data are shown graphically in Fig. 1. 
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TABLE 1 


DDT-CONTENT OF MILK AS A RESULT OF SPRAYING COWS AND BARN 


First Spraying Second Spraying 
(July 26th, 1949) (Aug. 17th, 1949) 
Sampling Time DDT Sampling Time DDT 
(Days after Spraying) (p.p.m.) . (Days After Spraying) (p-p.m.) 
ate 6 1 1.6 
1 1.3 8) itll 
2 ay 7 1.0 
3 8 14 8 
15 7 21 7 
20 6 28 5 


CONCENTRATION OF DDT 


20 30 
SAMPLING TIMES CDAYS) 


FIGURE 1. — DDT-CONTENT OF MILK SAMPLES. 


*First sample taken one day before spraying. 
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DISCUSSION 


We attribute the initial DDT residue of O.6 p.p.m. to the fact that the cows had been 
sprayed approximately one month prior to the taking of the first sample. Very good support 
is lent this assumption in that twenty days after the first spraying of this study the DD'I-content 
of the milk was also 0.6 p.p.m., and twenty-eight days after the second spraying it was 
0.5 p.p.m. As pointed out above, blank analyses run on samples of milk from the two control 
herds gave very low values. 5 


The data show a very marked increase in the DDT-content of the milk twenty-four hours 
after spraying, with a quite appreciable drop during the succeeding forty-eight hour period. 
From this time on the drop was much more gradual. However, one month after spraying the 
milk still contained 0.5 p.pm. ‘The results indicate that where both cattle and stables are 
sprayed with DDT, appreciable amounts may occur in the milk for a considerable time after 


spraying. 


The presence of the DDT in the milk could be due to external contamination occurring 
during milking from udders, milking equipment, etc., or to actual secretion in the milk of 
DDT as a result of ingestion of spray residues left on feed troughs, by licking, by absorption 
through the skin of the animal, etc., or to a combination of these factors. 


Il. THE DDT CONTENT OF MILK AS A RESULT OF BARN SPRAYING 


Early in 1949 the U.S. Department of Agriculture (1949) recommended that the use of 
DDT sprays for controlling insects on dairy cattle and in dairy barns should be discontinued. 
However, the evidence upon which the objection to the use of DDT for barn spraying was 
based, was none too conclusive. This prompted the launching of experiments by ourselves 
and other workers to secure additional information on this subject. 


At the time of the above U.S. recommendation, Laake (1949) reported that DDT could be 
found in milk as a result of the application of DDT insecticides to dairy barns, even though 
no DDT was applied directly to the animals. Early in 1950 Harris et al (1950) published the 
results of their studies on this problem. Four dairy barns were sprayed, the walls and ceilings 
being thoroughly covered. Feed troughs and drinking fountains were covered with tarpaulins 
during the spraying. Seven samples were taken in each barn, 2 before spraying, 1 on the day 
of spraying (evening milking) and 1, 3, 7, and 14 days after spraying. The cows were on 
pasture for the duration of the sampling period, except during milking. Of 28 samples analyzed 
7 showed the presence of from .03 to .05 p.p.m. of DDT. Four of the seven contaminated 
samples came from the barn where the least sanitary milk handling methods were followed. 


Since the completion of the experimental work of this paper, Frear et al (1950) and Claborn 
et all (1950) have reported their results. Frear and his co-workers found a small amount of 
DDT in the milk of dairy cows which had been housed, fed, watered and milked in barns 
sprayed with DDT. In most cases the maximum amounts were found 1 or 2 days following 
the treatment and, with one exception, did not exceed 0.5 p.p.m. They point out that, from 
the data available, it is not possible to state with certainty how the DDT got into the milk, 
but that it is quite obvious that the DDT found in the milk on the day the barns were sprayed, 
must have been the result of mechanical transfer, since the cows were not in the barn at the 
time of spraying and were not returned to their stalls until immediately before the milking 
operation. 


SOCIETY OF ONTARIO oy 


Claborn and his associates (1950) made a study of the source of milk contamination when 
dairy barns were sprayed with 2.5 per cent DDT. Their work indicated that spray residues left 
on the feed troughs resulted in the secretion of the insecticide in the milk, and that it did not 
get into it as a result of careless handling of the milk or milking equipment. When troughs 
were partly covered the contamination was moderate, and when they were completely covered 
or thoroughly washed, contamination was negligible or existed only as traces. They also found 
that no contamination resultcd from inhalation: of the insecticide by the cows. 


The work of this study, in which the O.A.C. dairy herd was again used, involved the effect 
of barn spraying on the DDT-content of milk during the pasture season of 1950. The same 
procedures for barn spraying were followed as in the previous year’s work reported in Part I 
of this paper. Up to three weeks control was obtained for houseflies. 


During the experiment an emulsion of 10 per cent piperonyl butoxide and 1 per cent 
pyrethrum was used on the cows themselves at a dilution ratio of 1 part emulsion with 9 parts 
of water. Approximately 2 pints were applied with a Spartan sprayer as a fine mist over each 
animal. This application gave control for a period averaging six days. The cattle were sprayed 
when the hornfly population reached twenty per animal. 


During the spraying of the barn, care was again exercised to keep the spray out of drink- 
ing bowls and mangers in order to avoid contamination; and, immediately after the spraying, 
the drinking bowls were emptied and the mangers washed. However, the feed troughs and 
drinking fountains were not covered by tarpaulins during the spraying as.in the work of 
Harris et al, referred to above; since it was felt that it would be difficult to get farmers and 
commercial spray operators to follow this procedure, and the aim in this study was to simulate 
conditions which would likely obtain in spraying on the average dairy farm. Milk samples 
were again taken on the day previous to sprayings and on the first, second, and third days, 
respectively, after spraying and thereafter at weekly intervals; except in those instances where 
circumstances prevented a strict adherance to this schedule. 


METHODS OF ANALYSIS 


Analyses were made by the methods of Schechter et al., as used in the previous year’s work, 
with the modifications found by Clifford (1947) to be necessary for the determination of small 
amounts of DDT, such as were involved in this study. The standard working curve was set 
up by adding known amounts of the same technical DDT, as was used for spraying purposes, 
to blank milk samples and analyzing them. Recovery determinations, based on the addition of 
known amounts of DDT to blank milk samples (taken before DDT spraying was begun, and 
stored) were made from time to time during the course of the study. Spectrophotometric 
measurements were made at 600 m.y. using a Coleman Universal Model 11 Spectrophotometer, 
with matched round cuvettes. 


One of the modifications introduced by Clifford (1947) to prevent loss of DDT during 
nitration was the addition of 10 mg. of oleic acid just previous to the nitration. Clifford re- 
commended U.S.P. oleic acid. Samples of U.S.P. grade oleic acid obtained from two different 
sources both resulted in off-colours (brownish shades) on colour development, even when all 
the other modifications recommended by Clifford were followed. A third sample of a redistilled 
grade also gave some off-colour, but considerably less. When this latter product was redistilled 
under vacuum a satisfactory product was obtained. However, in order to guard against any 
trouble from this source the purified product was kept in a refrigerator and the oleic acid- 
benzene solution freshly prepared at time of use. 


RESULTS 


The results of the determinations on milk samples are shown in Table 2. The same data 
are shown graphically in Figure 2. 


CONCENTRATION OF DDT 


$ 


REPOR®T OF 


DDT-CONTENT OF MILK 


Sampling Time DDT 
(Days After Spraying) (p.p.-m.) 
Ses 0 
—15* 0 
— 8* 0 


First Spraying, June 13th, 1950. 


1 .05 
2 .06 
3 .06 
7 .03 
2824 .03 


‘Second Spraying, July 12th, 1950. 


] .06 
2 05 
3 05 
12 05 
21 01 
hes 02 
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SABLE 2 
AS A RESULT OF BARN SPRAYING 


Sampling Time DDE 


(Days After Spraying) (p.p-m.) 
Third Spraying, August 9th, 1950. 
1 04 
2 os 08 
3 .03 
14 .03 
27 01 
34 OL 
Fourth Spraying, September 13th, 1950. 
1 06 
2 .06 
3 05 
7 .00 


SPRAYING TIMES (DAYS) 


FIGURE 2. — DDT-CONTENT 


* Samples taken before first spraying. 


MPLING TIMES (DAYS) i . O90 Ho 126 


OF MILK SAMPLES (BARN SPRAYING) 


**Samples taken | day previous to next spraying. 
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DISCUSSION 


The data show the presence of relatively minute amounts of DDT in the milk throughout 
the season, after the beginning of spraying. The highest amounts were always found during 
the first three days following a spraying, the amounts then tending to drop off until the time 
of the next spraying. 

If the highest DDT-content occurring at any time (.06 p.p.m.) be compared with the highest 
content found at any time during the previous year (1.6 p.p.m.), when both the cows and the 
barn were sprayed, it is seen that the previous year’s highest value is nearly 27 times the present 
year’s highest value. Likewise, if the lowest values recorded in the respective years (.01 and .5) 
be compared, the previous year’s value is 50 times that of the present year. It thus appears 
that cow spraying is a vastly more serious source of DDT-contamination in milk than is barn 
spraying. The results indicate that when barn spraying is conducted with ordinary precautions 
DDT -contamination of milk from this source is not likely to prove at all serious. 


Il. THE METHOXYCHLOR CONTENT OF MILK AS A RESULT OF 
COW AND BARN SPRAYING 


When the U.S. Department of Agriculture recommended that the use of DDT sprays on 
dairy cattle and in dairy barns should be discontinued they suggested methoxychlor as one 
of several acceptable substitutes because of its relatively non-toxic nature. 


The manufacturers of methoxychlor reported that it showed little or no tendency to appear 
in the milk of properly-treated animals. Carter et al (1949) collected milk samples at weekly 
intervals from two herds of dairy cattle which had been treated 5 or 6 times during the season 
with a 0.5 per cent wettable powder suspension of methoxychlor. When these samples were 
analyzed for organic chlorine content only 3 of 42 samples showed an amount greater than that 
of the blank samples from untreated animals, the average values being only 0.1 p.p.m. These 
workers concluded that their experiments “gave no conclusive indications” that methoxychlor 
is eliminated in the milk of treated animals. 


Since the chloride method for methoxychlor is inadequate for determinations in the low 
concentration range, a reinvestigation of this problem using a more sensitive and_ specific 
colorimetric procedure seemed desirable. In addition very little had been reported on_ this 
subject by independent sources. 


This study involved the combined effect on the methoxychlor-content of the milk of spraying 
both. cows and dairy barns. Two Holstein herds located near Guelph were used for this ex- 
periment, the cows being on pasture except at milking time. Milking was done by machine 
and the usual precautions to prevent contamination of the milk were observed. 


SPRAYING PROCEDURE AND RESULTS 


The cows were thoroughly wetted with a water suspension of 50 per cent methoxychlor 
at the rate of | lb. in 20 gallons. Control of hornflies was maintained for three weeks. 

The walls and ceilings of the barns were sprayed to the point of run-off with 50 per cent 
wettable methoxychlor at a concentration of | lb. in 5 gallons of water. This treatment proved 
effective against houseflies for a period of three weeks. 

‘Throughout this experiment the procedure and precautions were similar to those reported 
in Part I. of this paper. This was also true as to sampling, except that circumstances pre- 
vented a strict adherence to schedule with respect to times of sampling. 


METHODS OF ANALYSIS 


Analyses were made by a method proposed by A. J. Lehman and E. P. Laug of the U.S. Food 
and Drug Administration. The preliminary extraction of methoxychlor and fat from the milk 
is similar to the method of Carter (1947) for DDT. However, the method of Schechter et al 
(1947) for the separation of DDT from fat by extracting the latter with sulphuric acid (used 
in our DDT-residue work) cannot be used for methoxychlor which is itself soluble in the acid. 
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Accordingly, Lehman and LLaug proposed a different procedure. The sample is treated with 
ethanolic KOH which saponifies the fat and dehydrohalogenates the methoxychlor. The latter 
is then separated from the soap by extraction with petroleum ether. The saponified fat remains 
in the alcohol-water layer and is discarded. The petroleum ether fraction, which contains some 
unsaponifiables, is nitrated, washed, and treated with sodium methylate reagent according to 
the familiar Schechter (1945, 1947) procedure. 


During the course of our study a paper was published by Prickett,-Kunze and Laug (1950). 
which essentially embodies the procedure of Lehman and Laug used in our work. The published 
procedure, however, introduces certain modifications such as: the ethyl ether extract of the 
nitrated products is thoroughly washed with 10 per cent KOH rather than 5 per cent NaOH, 
and after evaporation of the solvent the nitrated residue is heated for a 20-minute period. ‘The 
first of these modifications had’ been suggested previously by Clifford (1947) in connection 
with his studies on the analysis of DDT residues, and he had recommended heating the nitrated 
residue for a one-hour period following evaporation of the solvent. Based on Clifford’s sug- 
gestion, 10 per cent KOH was used throughout in our work. The 20-minute heating of the 
nitrated residue was followed in the case of the samples from herd B. Prickett et al (1950) 
also added 5 to 10 mg. of stearic acid to the petroleum ether extract of the ethanolic KOH 
hydrolysate and then blew off the solvent under a gentle current of air on the steam bath. 
The stearic acid is added to prevent the loss of the somewhat volatile dehydrochlorides of 
methoxychlor by volatilization during solvent evaporation. In our procedure the petroleum 
ether was evaporated off over a water bath maintained at 40—45°C or below, using a current 
of air to accelerate the evaporation. ‘This was in accordance with the original procedure of 
Lehman and Lang. 


The standard working curve was set up by adding known amounts of methoxychlor (com 
mercial product recrystallized 3 times from ethyl alcohol) to blank milk samples (taken before 
methoxychlor spraying was begun and stored) and analyzing them. Recovery determinations, — 
based on the addition of known amounts of methoxychlor to blank milk samples, were made 
from time to time during the course of the study. Spectrophotometric measurements were made 
at 540 m.y. with the same instrument as described carlier. Reagent grade chemicals were used 
throughout this study, except for the preliminary extraction of the milk. Solvents were distilled 
once from all glass aparatus. 


It should be noted that this method is not specific for methoxychlor and does not differenti- 
ate between methoxychlor and either of the isomers of DDT. Hence great care was exercised 
to ensure that no DDT was used on any of the cattle or about the barns. 


DISCUSSION OF RESULTS 


The results of the determinations on samples of milk from the two dairy herds are shown 
in Table 3. In the first three days’ samples the 72-hour sample commonly was the lowest, in 
one case showing no methoxychlor at all. In only one case was a concentration of methoxychlor 
greater than 0.05 p.p.m. found. With one exception the data show no methoxychlor in milk 
samples taken more than three days after spraying. 


Prickett et al (1950) have indicated the limit of quantitative sensitivity of their method to 
be about 5 micrograms in 100 ml. of milk, which is equivalent to 0.05 p.p.m. Thus the accuracy 
of values lower than 0.05 p.p.m. recorded in Table 3 may be questioned. However, recovery 
determinations, made from time to time in the 0.05 p.p.m. range showed good agreement with 
the standard curve. Furthermore, all methoxychlor values in Table 3 down to 0.03 p.p.m. 
correspond to the presence of visible pink colours in the extracts which were read colori- 
metrically, and therefore should be measurable in the spectrophotometer. Extracts giving 
values lying below 0.03 p.p.m. showed no visually detectable pink colours. 


The minute amounts of methoxychlor found in the milk, coupled with its relatively non- 
toxic nature, would indicate this insecticide to be a very safe one for use on dairy cattle and 
in dairy barns. 
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TABLE 3 


METHOXYCHLOR CONTENT OF MILK AS A RESULT OF COW AND BARN SPRAYING 


HERD A HERD B 
Sampling Time methoxychlor Sampling Time methoxychlor 
(Days After Spraying) (p.p.m.) (Days After Spraying) (p.p.m.) 
TAD 0.00 =e 0.00 
=19)° 0.00 lly" 0.00 
112° 0.00 10 0.00 
= be 0.00 Disks 0.00 
Oe .0.00 
First Spraying June 8/50 
«First Spraying June 10/50 1 0.04 
] 0.05 2 0.03 
2, 0.03 3 0.02 
3 0.00 11 0.00 
10 0.00 14 0.00 
21 0.00 ZA 
25 0.00 
Second Spraying June 29/50 
Second Spraying July 5/50 ] 0.02 
1 0.05 2 0.05 
2 0.06 3 0.04 
3 0.05 7 0.00 
8 0.02 14x 
15 0.00 A i 0.00 
20% % 0.00 


Third Spraying July 21/50 


Third Spraying July 25/50 1 0.03 
1 0.05 Dx 
2x 3 0.03 
3x 14 0.00 
14 0.00 20 0.00 
21 0.00 
31a 0.00 Fourth Spraying August 11/50 


Fourth Spraying August 25/50 


1 0.05 
2 0.04 
3 0.02 
15 0.00 


1 0.05 
2 0.05 
3 0.03 
25 0.00 


Fifth Spraying September 9/50 
1 0.02 
2 0.03 
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STUDIES ON THE USE OF LINDANE ON DAIRY CATTLE AND IN THE 
DAIRY BARN WITH RESPECT TO TAINTING IN CHEESE 


S. E. Drxon? and O. R. IvrRINE? 
Ontario Agricultural College 


The following is a report of an experiment to determine whether any off-flavour would 
be apparent in cheese made from milk taken from a herd which had been sprayed with 
lindane in a lindane-treated barn. 


This experiment seemed advisable because residues are found in the butterfat of milk 
taken from cows treated with the gamma isomer of benzene hexachloride (Bushland et al 1950) 
(Schwardt 1949). Canadian Cheddar cheese contains approximately 35% butterfat. No chemical 
determinations of spray residues were made. 


One herd close to the College was sprayed on the afternoon of Monday, July 17th, 1950, 
with a suspension of 25% wettable lindane at a rate of 114 lbs. to 80 Imperial gallons of water. 
The animals were thoroughly wetted. The barn was sprayed with a suspension of | Ib. 25% 
wettable lindane in 8 Imperial gallons of water. Spray was applied to the point of run-off. 
In both cases the insecticide was applied at 250 lbs. pressure with a small Sparton sprayer. 

Monday evening’s and Tuesday morning’s milk samples were brought to the O.A.C. and 
held over until Wednesday. Tuesday night’s and Wednesday mornig’s samples were collected 
on Wednesday morning and the two lots were pooled in a vat of cheese. Bacteriologically, the 
milk was of exceedingly poor quality. 


A similar sized vat of milk from the O.A.C. herd was used as a check vat. 


1Department of Entomology and Zoology. 
2Department of Dairying. 
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Cheese was made up from the two vats in the manner similar to that practised in Canadian 
cheese factories, and removed from the press the following day. It was then held from July 
20th to July 28th, when it was examined. No taint due to lindane was apparent. On August 
Ist, the sample was again tested by three experienced judges and none could detect any foreign 
taint suggestive of lindane. 


Though the flavour of the vat of cheese made from the above milk was somewhat affected 
by the poor initial quality of the milk, the flavour of the resulting cheese was not such that 
it would interfere with detecting the insecticide involved. 
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THE 1950 STATUS OF THE DUTCH ELM DISEASE IN CANADA’ 


L. L. REED 
Division of Plant Protection, Ottawa 


Since the discovery of the Dutch Elm Disease, Ceratostomella ulmi Buisman, in the Province 
Quebec in 1944, annual surveys have been conducted by the Division of Plant Protection with 
the co-operation of the Quebec Department of Lands and Forests and in Ontario with the 
co-operation of the Department of Agriculture, to delimit the area infected and to make all 
reasonable efforts to retard its spread. 


At the close of the 1950 survey season the disease had been located in 45 counties in the 
Province of Quebec, which in fact, includes almost the entire area of the province where the 
elm is abundant, with the exception of the upper Ottawa valley and the counties of Huntingdon 
and Chateauguay south of the St. Lawrence river. It has been most severe on both sides of the 
St. Lawrence river from Montreal to Quebec and in the Richelieu, Yamaska and St. Francis 
river valleys, all of which lie southeast of the St. Lawrence. 


The annual surveys in Ontario, starting in 1945, revealed no evidence of the disease until 
1948 when 14 infected trees were located in six counties in the extreme eastern end of the 
province. Of the 14 only one, a tree located in the city of Ottawa showed definite symptoms of 
the disease, while in the other 13, which were dead or dying at the time of sampling, the 
Dutch Elm Disease fungus was saprophytic and did not contribute to their weakened condition. 
No signs of the disease were observed during the 1949 survey in Ontario but in May 1950, 
samples submitted from the city of Windsor were found to be infected. 


An intensive survey of Essex County during the summer revealed a well established out- 
break in the Windsor area and by the end of the season 91 infected trees had been found. 
Surveys were also carried on throughout southern and eastern Ontario and 15 additional trees 
in 8 counties were found to be infected, bringing the total for the year to 106. First records 
were obtained in the counties of Welland, Peel, Prince Edward, Leeds, Frontenac and Glen- 
garry. It was also found in Carleton and Prescott although it had appeared in these two 
counties in 1948. 


It would appear that natural spread from Quebec has been the source of infection in 
eastern Ontario as the disease has continued to spread slowly in spite of efforts to keep it 
under control. It would seem logical to assume that the Essex County outbreak had its source 


1Contribution No. 87, Division of Plant Protection, Science Service, Department of Agriculture, 
Ottawa, Canada. 
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somewhere in the east Central States but there are no authentic records of distribution in 
that area, as applying to recent years. It.is of interest to note that following the discovery 
of the disease in Windsor, a report of which was sent to Michigan State authorities, a local 
survey in the Detroit area located a number of infected trees during the summer of 1950. 


Surveys have been conducted by the Division of Plant Protection in the Maritime Prov- 
inces for several years but no signs of the disease have been found. 


The area in Canada now known to be infected extends from Windsor, Ontario to Quebec 
City. In Ontario, with the exception of the Windsor outbreak, the results of the survey appear 
to indicate that the disease is present in tmunor outbreak form as only one or two infected trees 
were found in the counties listed. 


The only known insect vector in Eastern Ontario and Quebec is the native elm bark beetle, 
Hylurgopinus rufipes Eichh. but in Southern Ontario the European species, Scolytus multi- 
striatus Marsh., has been discovered in several counties since 1948. The native bark beetle 
is also present in this area and unless every effort is made by civic authorities and individuals 
to maintain elms in a healthy condition, the disease may be expected to spread rapidly and 
cause the death of many trees. This would necessitate large expenditures for their removal. 
particularly in towns and cities where such dead trees would become definite hazards to per- 
sons and property. 


eee 


HESSIAN FLY SURVEY AT HARVEST TIME IN 
WESTERN NEW YORK, 1950 


GEORGE G. Gyrisco, R. H. BurrAGE, L. Hopkins, 
D. S. MARSHALL, and A. A. MUKA 


Cornell University, Ithaca, New York 


During the summer of 1950 at wheat harvest time, as during the past 15 years, a survey 
was made of several insects of winter wheat in 21 counties of western New York. While the 
investigation was concerned primarily with the abundance of hessian fly, Phytophaga destructor 
(Say), the infestations of European wheat stem sawfly, Cephus pygmaeus (L.); the black grain- 
stem sawfly, Cephus tabidus (F.); and the wheat billbug, Calendra spp. were also recorded. 


Fifty to 60 wheat plants were selected at random from each of 5 fields in each county. The 
sampling locations were picked also in random areas throughout each county, but each field 
was at least 5 miles from any other sampling station. From the sample of wheat plants taken 
at each station, 50 wheat stems were chosen at random for examination. In wheat resistance 
studies, the plant, rather than the stem, is used as a unit because of the genetic considerations 
involved. However, the basic unit of stem was used in the wheat harvest time survey because 
of the difficulty in distinguishing individual plants, especially in broadcast and seed-drill 
seedings. Furthemore, experience has shown that the per cent of stems infested at harvest time 
is more informative than the per cent of plants infested. 


In the various samples, each stem was split apart with a scalpel and examined for sawflies, 
hessian fly, and Calendra spp. or wheat billbug. In most cases,.some stage of the insects present 
could be found, but where the insects themselves were not located, other signs such as frass, 
empty puparia, and sawfly stem plugs were useful in identifying the insects which had been 
feeding in the stems. The percent of each insect under consideration was determined for each 
sample from each county. The maximum, minimum, and average per cent of hessian fly, wheat 
sawflies (both species were considered together), and wheat billbug were summarized for all 
the counties. ‘These data are recorded in Table 1. 
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Marbles It 


A summary of the infestations of hessian fly, wheat sawflies,? and wheat billbug® in 21 counties 
of Western New York at wheat harvest time during 1950. July, 1950. 


No. of Percent of Wheat Stems Infested by 
Fields Hessian Fly Wheat Sawflies Wheat Billbug 
County Sampled Avg. Max. Min. Arica Wax: Min. Avg. “Max: | Min: 
Allegany 5 2.0 4.0 0.0 6.4 14.0 2.0 14.4 22.0 8.0 
Catteragus 5 0.8 220 1010 U2 24.0 2.0 6.0 14.0 0.0 
Cayuga 5 6.4 12.0 2.0 38.8 54.0 12.0 1332 20.0 8.0 
Chemung 5 De 12.0 2.0 7.6 16.0 2.0 8.8 20.0 2.0 
Cortland 6 3.0 6.0 0.0 oA) I) 66.0 6.0 dal! 18.0 0.0 
Erie 5 vite yy 18.2 2.0 Wee 32.0 2.0 24.8 32.0 16.0 
Genese 5 *8.8 18.0 2.0 ale2 56.0 24.0 28.0 50.0 8.0 
Livingston 5 OZ 36.0 2.0 20.0 34.0 4.0 li) 24.0 0.0 
Monroe 5 6.0 12.0 0.0 12.0 16.0 6.0 15.6 40.0 0.0 
Niagara 5 20 46.0 4.0 24.0 54.0 0.0 18.4 52.0 0.0 
Ontario 5 Te 12.0 0.0 2052 58.0 10.0 12.0 28.0 4.0 
Onondaga 5 EOO 260 OW 9 Bee 20 6.0 O1275 20:0 0.0 
Orleans 5 6.4 12.0 2.0 BD) 76.0 14.0 18.8 36.0 4.0 
Oswego 5 e128 28.0 2.0 3.6 12.0 0.0 8.8 18.0 0.0 
Schuyler 5 6.8 18.0 0.0 10.4 14.0 4.0 11.6 34.0 0.0 
Seneca 5 *10.4 24.0 0.0 34.8 74.0 12.0 INS) 32.0 10.0 
Steuben 5 Te 22.0 2.0 6.4 8.0 2.0 8.8 14.0 4.0 
Tompkins 5 5.6 16.0 0.0 21.6 50.0 6.0 12.8 26.0 4.0 
Wayne 5 Oe? 38.0 6.0 11.6 24.0 6.0 6.0 12.0 2.0 
Wyoming 5 6.0 14.0 0.0 8.8 16.0 4.0 52 10.0 2.0 
Yates 6 6.0 14.0 2.0 Tel! 26.0 2.0 On, 30.0 2.0 
Totals 107 7.9 46.0 0.0 18.9 76.0 0.0 WAS) 52.0 0.0 


It is evident from Table 1 that moderate to heavy infestations of hessian fly were found 
in 8 of the 21 counties surveyed. Seven of the 21 counties had maximum infestations of hessian 
fly of over 20 per cent. It should be remembered that only 50 per cent of the stems may be 
infested when 100 per cent of the plants are infested. Therefore a figure of 20 per cent 
infestation, based on per cent of infested stems in a large sample of infested plants, represents 
a heavy infestation of hessian fly. 


If the infestations, during the past 5 years, of hessian fly, wheat sawflies and wheat billbug 
are compared, (see Table 2) it can be seen that the average infestation of hessian fly has nearly 
doubled over that of 1949 but is little different from that of 1947 and 1948. Such variation in 
populations of hessian fly are not unusual because during periods of heavy fly infestation 
populations of the parasites, Platygaster hiemalis (Fbs.) and Eupelmus allyni (French) also 
rapidly increase. This increase in the population of parasites is usually followed by a decrease 
in hessian fly infestation the following year. During years of small hessian fly infestation, the 
populations of parasites of this insect are small also. Wheat growers in New York also contri- 


1Phytophaga destructor (Say). 

2Cephus pygmaeus (L.) and Cephus tabidus (F.) although most of the species found were 
C. pygmaeus (L.). 

8Calendra spp. 

*Moderate to heavy infestations. 

Fifty stems were examined from each field. 
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bute to large infestations of hessian fly in some years by ignoring the fly-free date in years 
favorable for early plowing. On the other hand, early fall rains often delay field activities so 
that growers are prevented from planting before the fly-free date. During such wheat growing 
years, the infestation of hessian fly remains normal. 


Table 2: 


A comparison in per cent of the average infestations of hessian fly, i sawflies and 
wheat billbug in Western New York during the past five years. 


Avg. Infestation for W. New York 


No. of Counties 7 Per County in Percent 
Year Surveyed Hessian Fly Wheat Sawflies Wheat Billbug 
1950 . 21 7.9 18.9 128 
=1929 is 4.2 2) 9.8 
*1948 17 9.8 = = 
#1947 21 6.1 = = 
*1946 10 2.9 ane Due 


As may be seen in Table 2, the infestations of wheat sawflies and wheat billbug have in- 
creased to dangerous and destructive levels since 1946. ‘The increase in sawfly and billbug 
infestations is probably due to the more prevalent practice of seeding winter grain with 
legumes. As a result, the infested stubble cannot be plowed under in the fall as in the accepted 
practice in controlling these wheat insects. 


Summary. A harvest time survey of winter wheat in 21 counties of western New York indi- 
cated that a moderate to heavy infestation of hessian fly was present in that area and that 
recommendations concerning the fly-free date and clean cultural practices should be followed 
closely by the growers of that area in order to prevent any serious outbreaks of hessian fly in 
the future. 


A study of the figures of the past surveys of the last 5 years also shows a large increase in the 
infestations of sawflies and wheat billbug. 


IE eg See 


A SUMMARY OF THE MORE IMPORTANT INSECT INFESTATIONS 
AND OCCURRENCES IN CANADA IN 1950° 


C. GRAHAM MACNAy?’ 


Division of Entomology 
Ottawa, Canada 


INTRODUCTION 


This summary has been prepared from regional reports submitted by officers of the 
Division of Entomology, provincial entomologists, officers of the Division of Plant Protection, 
and university professors. In general, common names used are from the April, 1950, revision 
of the list approved by the American Association of Economic Entomologists. Common names 
other than these are accompanied by technical names. 


*In co-operation with the Bureau of Entomology and Plant Quarantine. 
1Contribution No. 2783, Division of Enthomology, Science Service, Department of Agriculture, 
Ottawa, Canada. 


2Editor of The Canadian Insect Pest Review. 
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In previous years this summary contained a section “Forest and Shade ‘Tree Insects”, which 
was reproduced with minor revision from reports prepared by the Forest Insect Investigations 
Unit of the Division of Entomology. It is regretted that no section of this nature is included 
herein due to the fact that the summary was compiled earlier than usual and the information 
was not available. It is regretted also that information on insect conditions in Newfoundland 
was not available at the time of writing. 


GENERAL FEEDERS AND MISCELLANEA 


BEET WEBWORM.—The beet webworm was apparently less abundant than in 1949 in 
Saskatchewan. Slight damage occurred in flax fields at Davidson; large numbers occured in 
summerfallow at Cheviot, and reports were received from Rockhaven and Dodsland, west and 
north of Saskatoon. Light to moderate infestations were general on sugar beets throughout the 
Altona area of Manitoba late in July. A light outbreak occurred during mid-August in south- 
western Manitoba, where some fields of flax were partially defoliated. Little damage was done 
to garden crops. 


BLISTER BEETLES.—Lytia sp. caused minor damage to broad beans at Grand Forks, and 
Epicauta oregona Horn. was very evident on vetch in the Soda Creek area of British Columbia. 
A single field of sugar beets was severely attacked by Epicauta maculata (Say) at Cranford, 
Alta; Lytta nuttalli Say occurred in a few localized infestations on caragana and vetch, and 
severely defoliated a patch of Astragulus sp. at Lethbridge. Damage was negligible in Sas- 
watchewan, less than in the preceding three years. Lytta sphaericollis Say severely damaged 
honeysuckle at Glenside. E. maculata was reported from Swift Current, and Epicauta penn- 
sylvanica (Deg.) caused light damage to beans, caragana, and honeysuckle at Saskatoon Epicauta 
subglabra (Fall.) fed lightly on alfalfa leaves north of the Hudson Bay district and Meloe sp. 
occurred on alfalfa near Cherry Ridge. E. subglabra and Epicauta fabricii (Lec.) occurred in 
small numbers in Manitoba but were very destructive to caragana at Morden. Epicauta murina 
(Lec.) was conspicuous on ornamentals and potatoes at Ottawa, Ont., and occurred in Col- 
chester, Cumberland, and Pictou counties in Nova Scotia. Pomphopea sayi (Lec.) fed on apple 
blossoms in some orchards in the viciniy of Quebec City, Que., and Epicauta pennsylvanica 
(Deg.), though present in many potato fields in Prince Edward Island, caused only minor 
damage. 


CUTWORMS.—Cutworms were more abundant than for several years in the interior of 
British Columbia. Garden and truck crops in general were attacked. Losses were high in 
asparagus plantings in the Kamloops area. As many as three successive seedings of small 
gardens were destroyed in the Summerland district. Mamestra configurata Wlk. was reported 
in small infestations at Soda Creek and near Barriere in the North Thompson Valley. 


The red-backed cutworm caused relatively severe crop losses, chiefly to oats and_ barley, 
in Alberta for the first time in several years. Damage was most general in west-central areas 
but extended to Athabasca in the north, to Edmonton and Cremona in the south, and to 
Provost in the east. In the Lacombe district, where infestation was probably most severe, the 
loss was estimated at 4 to 5 per cent, but many fields were completely destroyed. The pale 
western cutworm was not a major pest in Alberta in 1950 although light losses occurred in east- 
central areas and along the Alberta-Saskatchewan boundary in the south. Some damage 
occurred at Provost, which is well north of the normal range of this species. In Saskatchewan 
it was more widespread and caused more severe damage to grain crops than for several years. 
Infestations were most general and severe in those parts of central and west-central Sas- 
katchewan bounded by Delisle, Feudal, Stranraer, Kindersley, Elrose, Lucky Lake, and Birsay. 
Within this area losses averaged about 15 per cent; complete destruction of individual fields 
was common. Elswhere in west-central and central districts, west of the South Saskatchewan 
River, light larval infestations were general and slight thinning or patchiness occurred in 
Scattered fields. Localized areas, of severe damage also occurred in the Colonsay and Davidson— 
Craik areas of central Saskatchewan, and in the Hazlet area of southwestern Saskatchewan. 


= 
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North of Saskatoon damage was reported or observed in only one field. Infestations of the red- 
backed cutworm were almost non-existent throughout the parkbelt and forested agricultural 
areas of northern Saskatchewan. Slight damage occurred on the University farm at Saskatoon 
and in a few gardens in the area. Larvae of the army cutworm were neither observed nor re- 
ported during the spring, but the moths were unusually abundant throughout southern and 
parts of central and west-central Saskatchewan, and at Melita and Neepawa in Manitoba. Climb- 
ing cutworms were of little importance in Saskatchewan in 1950, and in Manitoba very little 
cutworm damage of any kind was reported. 


The armyworm occurred in outbreak numbers on winter wheat and to a lesser extent on 
corn along the north shore of Lake Erie in the Leamington-St. ‘Thomas area of Ontario. 
This is apparently the first record of appreciable first-generation damage in the Province. At 
Harrow a local outbreak of this species destroyed a field of reed canary grass. Several species, 
mainly the dark-sided cutworm, the black cutworm, and Feltia sp. were present in outbreak 
numbers in many areas of Ontario and continued to cause damage well into the month of 
July. Garden crops were severely injured, notably in southern and eastern areas of the Pro- 
vince. The fall armyworm caused light damage to late canning corn near Essex. In Quebec, 
too, cutworms caused appreciable damage, mainly to garden crops. The black army cutworm 
was prevalent, particularly in the Abitibi and Lake St. John districts, and in the St. Cesaire 
district up to 50 per cent of young tobacco plants had to be replaced in some areas. In New 
Brunswick, cutworm infestation was limited to isolated localities, beans being most frequently 
attacked; damage in Nova Scotia, particularly by the variegated cutworm, was the greatest in 
several years. The armyworm was not reported in Nova Scotia in 1950. In Prince Edward 
Island the red-backed cutworm caused serious damage to several thousand acres of grain in 
Queens and King counties; the variegated cutworm was abundant and injurious in vegetable 
gardens generally; and the fall armyworm was present in almost every garden in the Province, 
causing injury to corn in particular. 


EUROPEAN EARWIG.—This insect was more troublesome in southwestern British 
Columbia than in any year since the 1933-34 outbreaks. 


GRASSHOPPERS.—A definite increase in grasshopper abundance occurred in many districts 
of British Columbia. In the East Kootenays, concentrations of Melanoplus mexicanus mexi- 
canus (Sauss.) were less evident, but the general infestation was at least as great as in 1949. 
There was a slight increase in numbers of Camnula pellucida (Scudd.), especially in the St. 
Mary’s Prairie district. Icreased numbers of grasshoppers in the southern Okanagan Valley, 
and large numbers of Melanoplus bivitiatus (Say) in irrigated forage crops in the Nicola Control 
Zone, required control measures. A further increase in numbers of C. pellucida and M. m. 
mexicanus occured in the Lac du Bois area, immediately northwest of Kamloops. Several 
species appeared in moderate to severe numbers on ranch lands at Pavillion. North-central 
areas, including the Cariboo, the Chilcotin, and districts for many miles west of Prince George, 
supported moderate to large populations of M. bivitiatus. Grasshoppers were reported from 
the Peace River area and, on the basis of a survey made on the Alberta side of this area, 
M. bivittatus and M. bruneri Scudd. were probably the main pest species. 


The hatching of grasshoppers was later than usual in Alberta; the peak was not reached 
until mid-June, and damage was not so serious as expected. Most of the damage occurred in 
the MacLeod-Monarch-Claresholm area, in the vicinity of Drumheller, south to Gleichen, 
and intermittently along the eastern border from Provost to Schuler. There was late-summer 
damage to cover crops and to winter wheat. Late-summer populations were as numerous and as 
extensive as in the previous year. Particularly noticeable was an increase in the numbers of 
C. Pellucida in nearly all agricultural areas. This was the principal species in the northern 
parts of the grasshopper area, M. bivittatus being predominant in the southern parts. M. m. 
mexicanus and M. packardii Scudd. were of relatively little importance except for a few 
localized infestations, mainly in the eastern parts of the Province. Some isolated infestations 
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of C. pellucida, M. bivittatus, and M. bruneri were found in the Peace River region. Egg de- 
position as indicated by the fall survey was not so heavy as had been expected. The late de- 
velopment of the grasshoppers and outbreaks of Empusa grylli Fres. were partly responsible for 
this decrease. 


For the third successive year grasshoppers were a serious hazard to crop production in 
Saskatchewan. As in 1949, some threat of grasshopper damage was present throughout two- 
thirds of the agricultural area of the Province, involving an area of about 65,000 square miles. 
The location and extent of the infested areas changed little from 1949; the area extended 
eastward and northward slightly in 1950, and the intensity of the infestation was reduced to 
sub-economic, levels in the southwest corner of the Province. On the north and east, the 
boundary of the outbreak area extended approximately through Macklin, North Battleford, 
Prince Albert, Cudworth, Watson, Cupar, and Estevan. In southern Saskatchewan, cultivated 
areas south of the Cyress Hills were free of grasshopper outbreaks. Very severe and severe 
infestations developed in somewhat less than one-fourth of the outbreak area, chiefly in a zone 
30 to 50 miles wide extending from Francis west to Moose Jaw, north to Elbow and Saskatoon, 
and west to the Cactus Lake-Reward-Landis-Kerrobert district in west-central Saskatche- 
wan. Infestations of moderate intensity developed in about one-half of the area, in the 
remainder only light and scattered infestations were present. The principal species involved 
in the outbreak were C. pellucida and M. m. mexicanus. Fungous disease organisms were a 
major control factor throughout the Province in 1950. New records of grasshoppers obtained 
during the season include the following: Melanoplus angustipennis (Dodge) and Melanoplus 
kennicottti Scudd. at Beaver Creek; the rare species Opeta obscura (Scudd.) and Mermiria 
-maculipennis maclungi Rehn at Coronach; Stethophyma gracile (Scudd.) in slough grass at 
Lorlie and Saskatoon; Stethophyma lineatum (Scudd.) in an alkaline area on the river bank at 
Saskatoon, the first record in Saskatchewan; Trimerotropis agrestis McNeill at Beaver Creek in 
open sand dunes, also a first record for the Province; and Cordillacris occipitalis cinerea (Bruner) 
on the edges of sandy blowouts at Pike Lake. 


Because of an exceptionally cold and backward spring and summer, grasshopper hatching 
was late and irregular in Manitoba; nymphs could still be found in August. The earliest hatch 
occurred on the heavier soils on the west side of the Red River Valley. In the flooded districts 
along the Red River, grasshopper eggs hatched after the waters receded. In the second prairie 
level the hatch was so late and irregular that little poison was used. Adult and egg surveys 
made during the fall revealed that late development had cut down egg deposition and only 
4,191 square miles were economically infested with eggs, as compared with 10,727 in the fall 
of 1949. Outside of a small infested area in the southwest, a lightly infested area southeast of 
Brandon, and an extension of light infestation northwest to Sidney and Beaver, the egg in- 
festation was confined to the Red River Valley, west to the Pembina Hills, and north to the 
Assiniboine. Although the infested area was reduced, the severity was high compared with 
1949. M. bivittatus was the predominant species, with C. pellucida almost as plentiful and more 
widely and uniformly distributed than in 1949. M. m. mexicanus was confined primarily to the 
lighter soil areas and was less abundant. 


Grasshopper damage was very light in southwestern Ontario and below average in most 
areas of the Province despite the very severe infestation of 1949. In eastern Ontario large popu- 
lations were reported in the area from Peterborough County eastward to Lanark County, and 
an outbreak occurred in Renfrew County. The principal species were M. femur-rubrum Deg., 
M. mexicanus atlanis Rly. and C. pellucida. 


M. femur-rubrum, C. pellucida, and M. bivittatus were rather abundant early in the season 
in many areas of Quebec; but they were scarce in southwestern districts, where they had been 
abundant in 1949. Average populations were reported in the lower St. Lawrence Valley. 
A light infestation in Carleton County was the only one reported in New Brtinswick. Grass- 
hoppers were scarce in Prince Edward Island except for a few local infestations in the south- 
eastern part of the Province. 
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JAPANESE BEETLE.—Trapping in southern regions of Eastern Canada resulted in the 
capture of 224 beetles as compared with 178 and 169 in 1949 and 1948 respectively. Captures 
were made as follows: Halifax 5, Montreal 1, Toronto 104, Niagara 49, London 33, Windsor 52. 


JUNE BEETLES.—Polyphylla perversa Csy., as in recent years, caused considerable damage 
to vegetable crops in gravelly soil areas and to loganberries, seedling cherries, and other peren- 
nials on Vancouver Island and in the lower Fraser Valley. In the interior of British Columbia, 
white grubs damaged potatoes at Kamloops, Vernon, and Lavington, and strawberry plants at 
Kamloops. 


Phyllophaga anxia Lec. was reported in greater numbers than usual in Alberta. Potatoes 
and strawberry plants were commonly attacked at Edson, MadLeod, Medicine Hat, and Drum- 
heller. Potato injury is common in northern areas when they are planted in newly broken 
brush land. In Saskatchewan P. anxia was reported from such northerly points as Kelvington, 
Nipawin, and Prince Albert, and potato damage was reported at Biggar in the central agri- 
cultural area of the Province. 


White-grub damage was reduced throughout most of Eastern Canada in 1950, but beetle 
flights were very large, particularly in southern and eastern Ontario, where extensive white- 
grub damage is anticipated in 1951. Second-year larvae of Phyllophaga rugosa (Melsh.) were 
injurious to many crops in the Niagara Peninsula but decidedly declined from the peak of 
1944. In southern areas of Ontario County second-year larval damage by Phyllophaga fusca 
(Froel.) was not nearly so severe as during 1941, 1944, and 1947. Infestation in north Durham 
County was also reduced as compared with 1944. In Quebec, light to severe second-year white- 
grub damage was reported from the Quebec district and the Eastern ‘Townships. Moderate 
injury was caused to strawberry plants near Charlottetown, Prince Edward Island. 


PAINTED LADY.—The noticeable scarcity of reports of this insect contrasts with its wide- 
spread abundance during 1949. 


STALK BORER.—This insect caused severe damage to tomato plants in the I’Islet district 
and to corn in the Riviere du Loup area in Quebec. 


TARNISHED PLANT BUG.—Populations were low and damage was negligible throughout 
the Dominion. 


WIREWORMS.—Adults of the injurious European species Agriotes lineatus (L.) were taken 
in several localities during a survey on the intensively infested farm near Cobble Hill on 
Vanconver Island, B.C., where the species was discovered in 1949. Further economic infestations 
of the native species Agriotes sparsus Lec., and an infestation apparently of a species of Hemi- 
crepidius, were encountered in the lower Fraser Valley. An interesting infestation of a false 
wireworm, Eleodes sp., occurred at Victoria in a field of fall rye sown on heavy soil. In the 
interior of British Columbia, reports of wireworm damage were less numerous than in 1949. 
An unidentified species was reported to have caused 70 per cent damage to corn in one field 
at Armstrong. 


Ctenicera aeripennis destructor (Brown) caused widespread thinning of dry-land wheat in 
Alberta. Severe losses occurred in the Stirling-Formost-Medicine Hat-Taber area, and in the 
Monarch-Vulcan-Calgary area, where thinning amounted to 25 per cent or more. The Clares- 
holm-Nobleford-Champion-Taber-Burdett-Bow Island area in the south was also severely 
affected. Other points from which damage was reported included Consort, Red Deer, Coron- 
ation, and Sibbald. Damage was widespread in the Peace River district but not so severe 
as in 1949. Severe thinning occurred in a few fields in the Lethbridge-Spring Coulee area, and 
light damage was caused on irrigated land about Taber and Barnwell. 


C. aeripennis destructor was the chief wireworm species responsible for moderate to severe 
thinning of grain crops throughout the greater part of the agricultural area of Saskatchewan 
in 1950. The greatest loss occurred in the central portion of the Province, and was more 
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general and severe than for several years. In northeastern and east-central Saskatchewan, 
damage was serious in only a relatively few fields. As in recent years, wheat seeded on summer- 
fallow was most severely damaged, although serious thinning also occurred in many crops 
seeded on stubble. The severity of wireworm damage appeared to be attributable to delayed 
germination and growth, and to low moisture conditions in some districts. The crop stand in 
a majority of fields examined in a survey along a route through North Battleford, Swift Cur- 
rent, Weyburn, Regina, and Saskatoon was reduced at least 10 to 20 per cent, and in many 
fields at least 30 to 40 per cent, and was highly variable from field to field in all areas. By 
comparison with other years, the outstanding feature of the wireworm situation in 1950 was 
the unusually severe thinning on an extensive acreage of heavy clay soils in the Regina, Rose- 
town, and !Leader-Cabri districts. ‘This is the first year that serious damage occurred so general- 
ly in the clay soils. Damage to vegetables, especially potatoes, was severe throughout the prairie 
and adjacent parkland areas of the Province. C. aeripennis destructor caused very little loss 
in Manitoba chiefly because of the cool, wet season; but Limonius pectoralis Lec. caused 
considerable damage to wheat. 


Limonius sp. caused severe crop damage in southwestern Ontario. Several fields of potatoes 
were ruined, tobacco and tomato transplants were severely damaged, and winter wheat was 
injured in the Chatham area and as far north as Orangeville. In eastern Ontario cereal crops 
were considerably damaged on the Central Experimental Farm at Ottawa, and at Edwards a 
20-acre field of potatoes was infested by Agriotes mancus (Say). No reports of wireworm damage 
were received from Quebec. Light infestations were recorded in the Stanley and Southampton 
areas of New Brunswick. - 


FIELD CROP INSECTS 


ALFALFA CATERPILLARS.—Colias spp. and Ditacrisia spp. were again very scarce in 
Saskatchewan and Manitoba. 


APHIDS.—Infestations of Toxoptera graminum (Rond.) were more widespread and caused more 
damage to grain crops in Saskatchewan in 1950 than during the outbreaks that occurred in 1930, 
1948, and 1949. Reports of infestations and damage were received from numerous points through- 
out the northern half of the agricultural area of the Province; these included Kamsack and 
Preeceville in east-central, Dundurn and ‘Tessier in central, Herschel and Wilkie in west-central, 
Maidstone, Waseca, and St. Walburg in northwestern, Ardale, Melfort, and Watson in north- 
central, and Tisdale and Carrot River in northeastern Saskatchewan. In addition, infestations 
occurred near Moosomin in the southeast, where severe damiage occurred in 1949, and in the Leader 
area in the southwest. No reports were received from the south-central area. ‘The most serious 
damage occurred in the Carrot River district in northeastern Saskatchewan, where about 3,500 
acies of fall rye and winter wheat in an area of 121 sections of peaty soils were totally de- 
stroyed; and in the Maidstone-St. Walburg area in northwestern Saskatchewan, where over 
1,000 acres of fall rye were destroyed. Elsewhere, fall rye, and very late seeded oats and barley 
suffered varying degrees of infestation and discoloration, but most of the grain was expected 
to survive. The greenbug also appeared in large numbers in southern Manitoba and threatened 
late-seeded grain crops, but no appreciable damage was caused. In the Swan River Valley, fall 
rye was severely attacked and about 300 acres destroyed. Macrosiphum granarium (Kby.) was 
much less prevalent than in 1949 in the interior of British Columbia, and was of minor im- 
portance in Alberta although some severe damage to fall rye was reported from the Peace 
River district. In Saskatchewan, however, heavy infestations occurred on the heads of wheat, 
oats, and barley throughout much the same area as that of the greenbug. Aphis maidis Fitch 
was generally prevalent on corn in southwestern Ontario and in scattered infestations in Kam- 
ouraska County, Quebec, but no appreciable damage was reported. Aphids, probably this 
Species, occurred also on corn at Kamloops, B.C. Although less abundant than in 1949, aphids 
appeared in large numbers on alfalfa at Soda Creek, B.C. Macrosiphum pisit (Kltb.) was com- 
mon in alfalfa in northern Saskatchewan. An unidentified species was prevalent on clover in 
southwestern Ontario. 
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BARLEY JOINTWORM.—This insect has been increasing in numbers in Prince Edward 
Island in recent years and in 1950 almost completely destroyed crops in some areas. 


CLOVER WEEVILS.—The sweetclover weevil is now well established throughout the irrigated 
regions of Alberta. For a time it was feared that the insect might destroy all wild sweet clover 
throughout the Province, thereby creating a serious problem for apiarists. In 1950, however, 
under favourable moisture conditions, the crop almost completely recovered in the south, de- 
spite little apparent reduction in the weevil population. Extensive feeding in northern areas 
caused only minor damage. In Saskatchewan, weevils were again abundant in the Tisdale, 
Arbourfield, Aylsham, Codette, and Nipawin districts, but damage was not serious. Early- 
spring control measures reduced populations but they built up again in late summer. A late- 
season build-up occurred also in Manitoba but little commercial damage resulted. Sttona tibialis 
Hbst. was abundant in many alfalfa fields in northern Saskatchewan and caused minor damage 
in the White Fox and Torch River districts. In southwestern Ontario, Tychius picirostris (Fab.) 
caused severe reductions in the seed yield of alsike, white, and ladino clovers; Hypera meles F. 
and Hypera nigrirostris (F.) caused significant reduction in the seed yield of red, white, alsike, 
and ladino clovers; and Tychius stephensi Schonh. caused considerable seed injury to red clover 
at all points observed. T. stephensi was also reported on red clover in the Ottawa area. 


CORN EARWORM.—In Western Canada, no crop infestations were recorded at Victoria, 
B.C.; a few infested ears of sweet corn were found in the Barnwell area of Alberta; no infesta- 
tion was found in a survey through Saskatoon, Lumsden, Cravan, Regina, and Moose Jaw in 
Saskatchewan; and in Manitoba the insect was reported to be very scarce. Throughout Eastern 
Canada infestations were light and developed too late in the season to cause appreciable injury, 
although local damage was recorded at Tecumseh, Ont., and on a farm in the Grand Lake 
area of New Brunswick. 


EUROPEAN CORN BORER.—Larvae were found in six iocalities in the Estevan, Roche 
Percee, and south Carievale areas of southeastern Saskatchewan, where the borer was recorded 
in 1949 for the first time in the Province. In the area of Manitoba bounded by Rosenfeld, 
Winkler, Haskett, and Gretna, larvae were found in every field examined, infestation ranging 
from 3 to 5 per cent. At the Morden Experimental Station, stalk infestation of sweet corn was 
close to 50 per cent. A few specimens were found at Brandon. Distribution was more general 
than in 1949, when the insect was first recorded in the Province. The general infestation 
throughout Eastern Canada was lighter than in 1949. In Ontario, some sweet corn was severely 
damaged in Essex and Kent counties, but reduced populations were evident in late canning 
and husking corn crops, and in sweet peppers. The only large populations reported in Quebec 
were in the Chateauguay area. Very little damage occurred in New Brunswick, and little 
change was reported in Nova Scotia, where sweet corn was the main crop affected. 


HESSIAN FLY.—In Tessier, Star City, Pense, and Lajord in Saskatchewan, damage was less 
than in 1949. It was not observed in Manitoba, but in southwestern Ontario it occurred almost 
in outbreak form for the first time in about 25 years. Infestation, ranging from | to 50 per cent, 
was widespread, but severe damage occurred in very few fields. A heavy local infestation was 
reported in Frontenac County. 


OAT NEMATODE.—Heterodera avenae Lind., Rostrup, and Ravn., present in Ontario 
between Peterborough and Waterloo, continued to cause crop losses of importance in some areas. 


PLANT BUGS.—Lygus spp. were present in small numbers in alfalfa seed fields of southern 
Alberta. Populations in northern Saskatchewan were slightly greater than in 1949, but were 
considerably below the period from 1946 to 1948. Appreciable yield increases resulted where 
control measures were practised. Populations in the alfalfa seed areas of Manitoba averaged 
less than one per net sweep. Adelphocoris superbus (Uhl.) was present in old alfalfa fields in 
Alberta but was of little importance. Adelphocoris lineolatus (Goeze) appeared in small numbers 
in alfalfa fields in the Hudson Bay, Arborfield, Petaigan, Pas Trail, and White Fox districts 
of Saskatchewan. A few specimens observed in the Hudson Bay district in 1947 constitute the 
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only previous record in alfalfa fields in this part of the Province. The species was fairly 
numerous on alfalfa at Libau and Benito but was less prevalent in other areas of Manitoba. 
Adelphocoris vapidus (Say) occurred only in small numbers on alfalfa in Saskatchewan. and 
Manitoba, but caused appreciable damage in the former province. Plagiognathus obscurus Uhl. 
was very numerous on alfalfa at Vernon, B.C., and species of the same genus occurred in small 
numbers throughout northern Saskatchewan, notably in the Petaigan and Ravendale districts. 
Lopidea sp., prob. dakota Knight, occurred in large numbers in an alfalfa field surrounded 
by a caragana hedge in Saskatchewan, and Chlamydatus spp. were found in small numbers on 
alfalfa north of Hudson Bay. Melanotrichus flavosparsus Sahl., always common on weeds, was 
reported from Beechy, Ruthilda, and Colonsay, Sask., where it was said to be attacking wheat. 


SAY STINK BUG-—Some increase in numbers was noted early in the season in Alberta, but 
the insect has not caused any appreciable damage to grain since 1943. 


SUNFLOWER INSECTS.—Only one specimen of the sunflower moth was found in Manitoba 
in 1950, but Phalonia hospes Wishm. cccurred in immense numbers. In the Altona, Morden, 
Carman, and Macgregor areas, damage averaged 5.4 per cent as compared with 3.5 per cent in 
1949, and with 1.7 per cent in 1948 excluding the Macgregor area. Zygogramma exclamationis 
(F.) occurred in non-economic numbers. Eucosma sp., prob. pulveratana Wlshm., a new stalk- 
boring pest of sunflowers, occurred in small numbers. An undetermined species of trypetid 
infested 74.4 per cent of sunflower stalks in the Altona-Morden-Carman area as compared with 
Deon perycent im, 1948: 


TOBACCO INSECTS.—The green peach aphid was again the most important pest of both 
burley and flue-cured tobaccos in southwestern Ontario, the most severe infestations occurring 
along the shore of Lake Erie. Flea beetles caused some early-season damage; the tomato horn- 
worm was scarce in both Ontario and Quebec; and although adults of the tobacco budworm 
were collected no larvae were found. 


WHEAT STEM SAWFLY.—There was little change in the total area infested in Alberta, but 
the severity of infestation was reduced, where resistant varieties of wheat were grown. The most 
severe infestation since 1944 occurred in some fields near Nobleford and Barons. Little change from 
1949 was reported in Saskatchewan, where severe infestations occurred over a large part of the 
southeastern area, in the Dundurn-Kenaston area of central, and in the Rosetown-Richlea area 
of west-central Saskatchewan. Infestations were heavy in the remainder of west-central Saskatche- 
wan and extended in a narrow band through the Outlook, Elbow, Mortlach, and Assiniboia 
districts. Light infestations occurred in the remainder of the area usually infested. The Euro- 
pean wheat stem sawfly was present throughout southwestern Ontario but in only a few in- 
stances did stem cutting approach 25 per cent. 


VEGETABLE INSECTS 


APHIDS.—The cabbage aphid was unusually abundant on cabbage in southwestern areas 
of British Columbia. Turnips were irregularly attacked in this area and in the Kamploops 
district by aphids believed to be of this species. In Ontario, aphid damage to cabbage was 
below average in eastern areas; and the turnip aphid, which caused a failure of the turnip 
crop in the Province in 1949, was of little importance. It was also a minor pest in Quebec and 
Nova Scotia. The melon aphid was numerous on cucumbers and melons throughout Ontario 
but built up to injurious proportions only in southwestern areas. ‘The pea aphid was practically 
absent in the lower Fraser Valley, B.C., and of minor importance in Alberta. Control] measures 
were necessary in many areas of Ontario and Quebec and much damage was caused to canning 
peas. Populations were below the 1949 levels in Nova Scotia, and in Prince Edward Island 
extensive damage occurred only in localized areas. Aphids attacking potato were generally pre- 
valent throughout Eastern Canada, but only in Prince Edward Island were they reported in 
greater than average abundance. Some damage to tomatoes was reported in Ontario. The 
_Sugar-beet root aphid was again a serious pest of sugar beets in Alberta. The most severely 
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infested fields were in the Picture Butte and Magrath districts. Unidentified species of aphids 
seriously damaged peppers and were numerous on sugar beets in southwestern Ontario. Celery 
was damaged at Bradford, Ontario, and Punnichy, Saskatchewan. 


ASPARAGUS BEETLES.—The spotted asparagus beetle extended its distribution in Mani- 
toba, having been taken at Morden for the first time. 


CABBAGE SEEDPOD WEEViL.—This insect was somewhat less prevalent than in 1949 in 
southwestern British Columbia, but destroyed over half of the seed of cabbage in Saanich where 
not controlled. 


CABBAGEWORMS.— The imported cabbageworm was much less abundant than usual in 
Western Canada, chiefly because of a lack of southern migrants. In Eastern Canada, too, 
damage was well below average. Scme severe damage was caused early in the season in Ontario, 
but a threatened outbreak was controlled by larval disease, and damage to late cabbage and 
cauliflower was the lightest in four years. The diamondback moth was reported in Manitoba, 
Ontario, and Quebec, where it caused relatively slight damage. The cabbage looper, present in 
outbreak numbers in Manitoba in 1949, was not reported in 1950. In Ontario and New 
Brunswick, light damage was reported. The percentages of cabbageworm larvae on early cabbage 
in plots at Ottawa in July were: imported cabbageworm, 83; diamondback moth, 14; cabbage 
looper, 3. The percentages on late cabbage from mid-July to late October were: imported 
cabbageworm, 50; diamondback moth, 47; cabbage looper, 3. 


CARROT RUST FLY.—Reported at Salmon Arm in 1948 for the first time in the interior 
of British Columbia, and at Nelson in 1949, the carrot rust fly was recorded in 1950 at Tappen 
and other areas in the northern Okanagan Valley. On the lower mainland and Vancouver 
Island, the first generation was late and unimportant, but the second generation caused severe 
damage to the main carrot crop. Celery and parsnips were scarcely infested on the mainland 
but the latter were severely damaged at Saanich. Irregular damage of varying intensity occurred 
throughout Eastern Canada. 


COLORADO POTATO BEETLE.—Infestations were lighter than usual in infested areas of 
the interior of British Columbia, but one new infestation was reported from Bannington, west 
of Nelson. The insect was present throughout the area south of the North Saskatchewan River 
in Alberta, no infestations being reported north of the Camrose area. In Saskatchewan, in- 
significant numbers occurred in the Regina, (Lumsden, Moose Jaw, and Saskatoon districts, and 
in Manitoba numbers were reduced from those of 1949; one adult, the first in six years, was 
taken at The Pas. Populations in eastern Ontario were at the lowest ebb in memory and were 
the lightest in years eastward to New Brunswick. ‘The insect was fairly numerous in town 
gardens in Nova Scotia but scarce in Prince Edward Island. 


CORN ROOT WEBWORM.—Larval damage to carrots was observed for the first time at 
Brandon, Man. . 


FLEA BEETLES.—The potato flea beetle was present at Estevan, Sask., but no damage was 
reported. Severe damage occurred in some gardens in Manitoba, where populations were com- 
parable to those of 1949. Injury to potatoes and tomatoes was about average in most of Eastern 
Canada. The western potato flea beetle was present in the south-central interior of British 
Columbia in its usual numbers, but was moderately abundant at Soda Creek. Also, in the in- 
terior of British Columbia severe injury was caused to potatoes by the tuber flea beetle where 
it was not controlled. Its range has not extended beyond Clinton to the northwest, but a few 
specimens were found at Grand Forks, the first record east of Rock Creek. The population 
was greatly reduced on Vancouver Island and the lower mainland by severe winter conditions, 
but enough were left to cause severe infestations where not controlled. Phyllotreta albionica 
(Lec.) was almost entirely absent on the lower mainland and well below average in southern 
areas of Vancouver Island. Some early-season damage to cruciferous crops by Phyllotreta sp. 
was reported in Saskatchewan; Phyllotreta vittata (F.) was more abundant than in 1949 in 
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Manitoba and very prevalent on crucifers in Ontario. The hop flea beetle was scarce in British 
Columbia but more prevalent than in 1949 in Manitoba. Chaetocnema sp., near ectypa Horn, 
reported in British Columbia in 1949 for thte first time, again caused considerable damage to 
sweet and silage corn. 


LEAFHOPPERS.—The potato leathopper was scarce in Manitoba and Prince Edward Island, 
more aboundant than usual in Ontario and New Brunswick, and present in average numbers 
in Quebec and Nova Scotia. Populations of the six-spotted leafhopper were low, as was the 
incidence of yellows in asters and carrots in Saskatchewan and Manitoba. Abundance and 
injury to carrots were appreciable and comparable to 1949 in Nova Scotia. 


NEMATODES.—The sugar-beet nematode, Heterodera schachtii (Schmidt), continued to be 
an important pest of sugar beets in the Blackwell area of Ontario, and minor spread was re- 
ported. Another small infestation was reported in 1949 from near Jeannette’s Creek, Ont. 
Surveys for the potato-rot nematode, Ditylenchus destructor Thorne, in Prince Edward Island, 
revealed new areas of infestation, but the findings indicate that new infestations are revealed 
as new areas are cropped with potatoes and do not necessarily signify a spread of infestations. 

ONION MAGGOTS.—Populations of the onion maggot were greatly reduced in British 
Columbia by control measures, but infestation was severe in neglected plantings. Severe 
damage was reported from Lougheed and Sedgewick in Alberta, from 18 points between Cumber- 
land House in the north and Gerald in the southeast in Saskatchewan, and from The Pas in 
Manitoba. Damage was reported to be either severe or greater than usual throughout Eastern 
Canada except on Prince Edward Island, where the insect was reported to be not numerous. 
Larvae of the lesser bulb fly were present in large numbers on seed onions at Grand Forks 
in British Columbia. ‘ 


ONION THRIPS.—Attacks were widespread in the interior of British Columbia, being 
severe in the Kelowna district and very evident at Kamloops and Grand Forks. Infestation and 
damage were severe in many areas of Ontario, where greenhouse cucumbers as well as onions 
were attacked. 


PEA MOTH.—Garden peas were almost entirely free from infestation by the pea moth in 
southwestern British Columbia, but severe infestations occurred in many areas of Nova Scotia 
and Prince Edward Island. 


RED TURNIP BEETLE.—No infestations were observed in southern Alberta in 1950 al- 
though the beetle was prevalent in 1949. In northern areas of the Province infestation was 
above average but damage was moderate. In Saskatchewan, damage was generally below that 
of 1929. 


ROOT MAGGOTS AFFECTING CRUCIFERAE.—Root Maggots as in recent years caused 
considerable loss of stem crucifers on the lower mainland of British Columbia, control measures 
being inadequate. Damage in plant beds on Vancouver Island was severe but less than in 
1949 in the early crop. Aerial infestation of brussels sprouts by the cabbage maggot was almost 
absent in 1950. Damage to turnips, though considerable on the mainland and severe until 
midsummer on Vancouver Island, was negligible in the latter area in autumn, in sharp con- 
trast with 1949. Hylemya crucifera Huck. was present in moderate to severe numbers on turnip 
and to a lesser degree on cabbage and cauliflower in Saskatchewan, notably at Saskatoon, Moose 
Jaw, Regina, and Craven; cabbage was attacked also at Dysart and White Fox. Hylemya 
planipalpis (Stein.) infested radish at Saskatoon and White Fox, Sask., and was less abundant 
than in 1949 in Manitoba. H. crucifera occurred in severe infestations on turnip and to a lesser 
degree on cabbage at Dauphin, Man., and caused severe damage to turnips at Bissett, 100 
miles northeast of Winnipeg. Root maggots, chiefly the cabbage maggot, were again abundant 
on early cabbage and cauliflower in eastern Ontario, and turnips were severely injured in late 
summer and autumn. Damage to turnips was apparently moderate in southwestern Ontario. 
The percentages of species of maggots on cabbage during the season in two fields at City View, 
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Ont., and Aylmer, Que., were: Hylemya brassicae (Bouche), 90; H. cilicrura (Rond.) and H. 
floralis (Fall.), 10. It was not possible to differentiate larvae of the latter two species. Per- 
centages in turnip fields were:— City View: H. brassicae, 99; H. cilicrura and H. floraliss 1; 
Billings Bridge: H. brassicae, 56; H. cilicrura and H. floralis, 44. H. brassicae was very destructive 
to crucifers generally throughout Quebec and eastward through the Maritime Provinces; in 
Prince Edward Island up to 40 per cent of the cabbage in many gardens were killed after 
coming into head. H. floralis was reported to be scarce in New Brunswick. 


SEED CORN MAGGOT.—The sprouting seeds of beans and peas were frequently severely 
damaged in southwestern British Columbia. Populations were low in Manitoba. In Ontario 
damage to beans, corn, turnip, and vine, and other crops was. severe, many fields of corn and 
beans being destroyed in southwestern districts. Infestation was general in Quebec and the 
Maritime Provinces. In New Brunswick, cucumber, corn, and been seedlings were severely 
damaged and larvae were numerous on cabbage and turnip. Potato sets were damaged in 
about 25 per cent of the fields in Prince Edward Island, and in some cases fields had to be 
replanted. 


SLUGS.—Damage was negligible in British Columbia but above average in Ontario, where 
rains were frequent during the summer. 


SPINACH LEAF MINER.—Commercial spinach in the Cloverdale, B.C., area was infested, 
and in southwestern Ontario beets, spinach, and swiss chard were attacked. Infestation was 
severe in some Cases. 


SPRINGTAILS.— An unusual infestation of Achorutes nivicolus Fitch was observed at 
Leitrim, Ont., near Ottawa, on March 28. The snow was grey with the insects for a consider- 
able area around a farmhouse and the infestation extended over 25 to 30 acres. The house 
itself was overrun both inside and out. 


SQUASH VINE BORER.—This insect, now generally distributed in southwestern Ontario, 
caused severe losses but was less numerous than in 1949. 


STALK BORER.—The first records of injury of economic importance in Manitoba were 
received from Goodlands, where rhubarb and potato were injured, and from Carman, where 
potato was attacked. 


TOMATO HORNWORM.—Minor damage was caused to tomato foliage and fruit at Grand 
Forks, B.C. Populations were below average throughout Ontario, but larvae were reported to 
be abundant on tomatoes and tobacco at St. Jean, Que. 


FRUIT INSECTS 


APHIDS.—Apple aphid infestations were again of considerable economic importance through- 
out the fruit-growing areas of the Dominion. Aphis pomi Deg. was the most significant species 
in most areas. It created a major control problem in British Columbia, particularly from 
Penticton north to Vernon in the Okanagan Valley. It was abundant in Ontario, but in 
southern areas along Lake Erie the infestation declined before much damage was done. 
Considerable injury occurred in Quebec. It was more prevalent in New Brunswick than in 
1949, and extra sprays were necessary in some areas. A rapid early-summer build-up in Nova 
Scotia was checked by predators and dry weather and little damage resulted. Anuraphis roseus 
Baker was more abundant than in 1949 in central Ontario but less abundant in southwestern 
areas of the Province. In Nova Scotia it was more injurious than in 1949. Eriosoma lanigerum 
(Hausm.) was a much less serious pest than in 1949 in British Columbia, was of little importance 
in Ontario, and was at the lowest ebb in several years in Nova Scotia. Rhopalosiphum pruni- 
foliae (Fitch) also was below average importance in Nova Scotia. The black cherry aphid 
caused little damage in British Columbia, and little change was noted in Ontario with the 
exception of the Niagara area, where it was more plentiful than for many years. The currant 
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aphid was more injurious than in 1949 in Saskatchewan, notably at Prince Albert, Moosomin, 
and Saskatoon. It was reported to be abundant also in Manitoba and Prince Edward Island, 
but damage was not serious. The mealy plum aphid showed little change in British Columbia 
_and Manitoba, but was more abundant than in 1949 in Ontario, where many orchards were 
severely infested. 


APPLE AND THORN SKELETONIZER.—This insect continued to be the most serious 
pest of tree fruits, particularly apples, in unsprayed orchards in southwestern British Columbia. 


APPLE MEALYBUG.—Distribution was general in New Brunswick and Nova Scotia but 
damage was not important. 


APPLE AND BLUEBERRY MAGGOT-—Heavy infestations were observed on hawthorn at 
Morden, Man. An increase in the number of infested apple orchards and in the severity of 
infestation was reported from Norfolk County and from other parts of Ontario except the 
Niagara and Oakville districts and the extreme southwestern area. Severe infestations occurred 
on apple in the Quebec, Neuville, St. Augustin, Champigny, St. Nicholas, St. Roch des Aulnaies, 
Sherrington, and Ville La Salle districts of Quebec, and a continued northwesterly spread was 
reported. An increase in the number of orchards infested and in the intensity of infestation 
occurred in New Brunswick and Nova Scotia, and severe damage was reported in Prince Edward 
Island. Infestation of blueberries has increased for two successive years in New Brunswick, the 
maggot being particularly prevalent in northern and eastern districts, and numerous even in 
areas where control measures had been taken. In Nova Scotia, infestation was severe in some 
areas and light in others. 


BLUEBERRY THRIPS.—The species Frankliniella vaccinit Morgan was very prevalent over 
large areas of blueberry plantings in Charlotte County, N.B. Infestation exceeded 40 per cent 
in some instances, fruit failing to develop on such plants. 


BUFFALO TREEHOPPER.—Severe infestations occurred in a few nurseries in the vicinity 
of Ste. Anne de la Pocatiere, Que., and young apple trees were attacked throughout the 
Province. 


CASEBEARERS.—Species associated with fruit trees have been generally scarce, but in the 
Oakville, Ont., area heavy infestations built up in some apple orchards where calcium arsenate 
had been substituted for lead arsenate in early sprays. 


CHERRY FRUIT FLIES.—Rhagoletis cingulata (Loew) was more numerous in southwestern 
British Columbia than for several years and for the first time was of major significance on 
sweet cherries. It was very numerous also in Prince Edward Island. Rhagoletis fausta (O.S.) 
occurred on pin cherry at Morden, Man. 


CODLING MOTH.—Injury in the Okanagan and Kootenay valleys was the greatest since 
1947 although the loss on the average was small. For the first time in several years, a partial 
third generation developed in the Osoyoos-Oliver area. Infestation in Ontario on both apple 
and pear was, in general, lower than in 1949, but damage was severe in neglected orchards in 
the Niagara district. In Quebec, too, damage was light except in neglected areas. Scattered 
light infestations were reported in New Brunswick; and in Nova Scotia the low level reached 
in 1949 continued in 1950, injury in commercial orchards averaging 5 stings and 3 deep in- 
juries per 100 apples. 


CRANBERRY FRUITWORM.—Cranberry bogs in New Brunswick were again heavily in- 
fested, as much as 80 per cent of the fruit being destroyed by the larvae. Average infestation 
Was reported in Prince Edward Island. 


CURCULIONIDS.—The plum curculio destroyed over 50 per cent of the Pembina plum 
crop at Morden, Man. Infestations on plum and peach were the heaviest in several years in 
Ontario; oviposition scars were numerous on apple but fall feeding was less than in 1949 in 
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southwestern areas. Infestations ranged from moderate to severe in Quebec, where the insect 
was rated the most serious pest of the fruit of apple, greatly exceeding the apple curculio 
which was a minor pest in 1950. The strawberry weevil was widely prevalent in Manitoba, 
economic damage being reported from Morden, Portage la Prairie, Neepawa, and Arden. It 
was prevalent throughout Eastern Canada, being particularly injurious in neglected strawberry 
patches where damage to buds ranged up to 60 per cent. The strawberry rcot weevil attacked 
strawberry, primula, polyanthus, and holly in southwestern British Columbia and was quite 
injurious where not adequately controlled. It was reported also from Morden, Man., where 
it was abundant on strawberry. Barypeithes pellucidus (Boh.) occurred on strawberry at 
Gormley, Ont. 


CURRANT FRUIT FLY.—In Saskatchewan, abundance exceeded that of 1949, particularly 
in the west-central area, where missouri and black currants and gooseberries were extensively 
damaged, in some cases up to 100 per cent. In the Brandon area of Manitoba damage was 
greater than in either 1948 or 1949. 


EYE-SPOTTED BUD MOTH.—Very little bud-moth damage occurred in the Okanagan and 
Kootenay valleys in British Columbia, although in 1949 cherry, apple, and prune were severely 
injured. Abundance, in general, was below the 1949 level in southwestern Ontario, but num- 
bers were high in neglected orchards in the Niagara Peninsula. Severe bud damage to apple 
in southwestern Quebec and a further spread eastward to the Dunham-Frelighsburg area was 
reported. The bud-moth situation in New Brunswick has not shown any improvement in the 
last few years, due partly to ineffective control. Damage in the Annapolis Valley, N.S., was 
appreciable and comparable to that of 1949. Excellent natural control resulted in orchards 
where parasites and predators were not destroyed by sprays. Bud moth was prevalent in 
Prince Edward Island, particularly in the Charlottetown area. 


GREEN FRUITWORMS.—An increase in numbers has occurred in recent years in Nova 
Scotia and shows no signs of abating. Injury in some orchards amounted to 4 or 5 per cent. 


IMPORTED CURRANTWORM.—Light damage to currants was reported from Saskatoon, 
Sask., and from Brandon and Morden, Man. Infestation of currant and gooseberry was lighter 
than usual in Prince Edward Island. 


LEAFHOPPERS.—Minor infestations of the white apple leafhopper were reported in the 
Montreal, Que., area and in Nova Scotia. The bramble leafhopper, reported for the first time 
during 1947 in the Victoria district of British Columbia, caused serious damage to loganberry 
and raspberry where not controlled. The potato leafhopper was abundant on apple at Morden, 
Man. The grape leafhopper was readily controlled in most areas in which it occurred. 


LEAF ROLLERS.—The fruit tree leaf roller was reported to be of little consequence in 
Ontario and to have caused moderate damage in Quebec. The red-banded leaf roller declined 
slightly in the Niagara, Ont., area, causing injury in only a few apple orchards; elsewhere in 
the Province, slight to moderate increases were reported, but only a few orchards were severely 
infested. Most injury occurred late in the season. Damage in Quebec was not of economic 
importance. The uglynest caterpillar was abundant on choke cherry in Manitoba but was less 
prevalent than in 1949. This situation was general also in New Brunswick apple orchards, 
although severe infestations were reported from the Maugerville-Sheffield area. Leaf rollers 
were common in Nova Scotia but rarely caused serious damage. Archips persicana Fitch was 
the most generally occurring species. Argyrotaenia mariana (Fern.) increased slightly in num- 
bers, and caused more fruit injury than any other species. Archips roasaceana (Harr.) apparent- 
ly declined during the season, and Pandemis limitata (Rob.), though seldom numerous, was 
common in Kings County. A. rosaceana and Pandemis canadana Kft. occurred in considerable 
numbers in some orchards in New Brunswick. 
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MITES.—The European red mite occurred in greatly reduced abundance in British Columbia. 
This was mainly due, in the warmer regions, to improved control methods, but in the Salmon 
Arm-Kamloops area practically all of the winter eggs were destroyed by low temperatures. In 
Ontario, it was less abundant than in 1949 on apple, plum, and peach, causing injury in only 
a few orchards, but it appeared to be increasing on sour cherry in the Niagara area. Fairly 
heavy populations appeared late in the season in many apple-growing districts of Quebec, but 
it was generally less prevalent than in 1949. It occurred as an important pest on apple and 
plum in the lower St. Lawrence area of the Province, where it is not usually prevalent. In the 
Maritime area it caused little concern, being well controlled by predators in most districts 
where the latter were not destroyed by spraying. ‘The two-spotted spider mite was injurious to 
raspberries in the Lulu Island area, where a survey indicated the species to be the only one 
of economic importance generally distributed in commercial raspberry, loganberry, and straw- 
berry plantings. Severe infestations occured from Penticton north to Salmon Arm, damage in 
the area being greater than at any other time on record. Moderate leaf damage occurred on 
raspberry at Saskatoon and Prince Albert in Saskatchewan. In Ontario, the species was plentiful 
on cover crops in many apple orchards in the Niagara Peninsula, but migration to apple trees 
was less than in 1949. It is becoming more generally distributed on peach in the Province but 
has caused severe injury in only a few cases. It is also reported to have been more prevalent 
on raspberry than in 1949. In Quebec, the species was more common than in 1949; and in 
Nova Scotia it caused appreciable damage to apple trees in the Annapolis Valley for the first 
time on record. The pear leaf blister mite, although of minor importance, appears to be in- 
creasing in British Columbia. A marked increase in injury to pear foliage was recorded in the 
Niagara area in Ontario, the most severe infestations occuiring on nursery stock. Infestations 
of the clover mite occurred in a few orchards in the Okanagan and Kootenay valleys for the 
first time in many years, some apple trees being severely injured. It was more prevalent than 
in recent years in Ontario also, some damage being caused. The Pacific mite did not cause 
serious injury in British Columbia, but medium to severe infestations occurred in several or- 
chards from Kelowna south to the International Boundary. In Manitoba it was less prevalent 
than in 1949 on raspberry, but severe infestations occurred on strawberry at Morden. Ten- 
tranychus flavus Ewing [= Tetranychus willamettei McG.], which was recorded at Summer- 
land in 1949 for the first time in British Columbia, was found in many orchards from the 
International Boundary north to Kelowna. Severe infestations, almost exclusively on apple, 
were common in the Summerland and Kelowna areas. Phyllocoptes spp. were less common 
than in former years in the Okanagan and Kootenay valleys; and in Manitoba Eriophyes sp. 
was common on plum and cherry. 


ORIENTAL FRUIT MOTH.—Infestation in the Niagara area and extreme southwestern 
Ontario continued the marked decline that started in 1949, and fruit injury averaged less than 
3 per cent. Larval parasitism was at the highest level in several years. 


PEACH TREE BORERS.—The peach tree borer has been decreasing in numbers since 1948 
in British Columbia. Little change in abundance was recorded in Ontario. The lesser peach 
tree borer was more abundant in Essex County, Ont., than in 1949. One European-plum orchard 
had a severe infestation in the margins of extensive scald areas. The peach twig borer was 
practically absent in the Okanagan Valley, B.C., because of severe winter conditions that killed 
many peach and apricot trees. Two cases of shot-hole borer damage to peach were reported in 
Norfolk Co., Ont. 


PEAR PSYLLA.—This insect was not a serious pest in British Columbia, because of im- 
proved control methods. In Ontario, severe infestations occured only in neglected orchards. 
In Nova Scotia, a general abundance in pear orchards was reported but damage was com- 
paratively light. 


PEAR SLUG.—Damage to foliage was so severe in southwestern British Columbia that some 
cherry crops were reduced. Heavy infestations occurred in some young orchards and nurseries 
in the Niagara, Ont., area. Light infestations were reported from Quebec and Montmagny 
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districts in Quebec, and from Wolfville, N.S. In Prince Edward Island it was reported that 
almost every cherry tree was infested. 


RASPBERRY CANE BORERS.—A significant flight of Oberea affinis Harr. occurred in 
eastern Ontario, and in New Brunswick a general infestation approached the status of an 
outbreak. Oberea bimaculata (Oliv.) was rather injurious in southwestern Quebec, after several 
years of minor importance, and was abundant also in the lower St. Lawrence area. 


ROSE CHAFER'S.—The rose chafer was more abundant than for several years in Essex 
County, Ont., where some damage to the fruit of peach and raspberry was reported. The green 
rose chafer damaged raspberries at Cut Knife, Winter, and Saskatoon in Saskatchewan. 


ROUND-HEADED APPLE TREE BORER.—\Important damage to young apple trees was 
reported from Quebec and eastern Ontario, and from the Douglas and Keswick Ridge areas 
in New Brunswick. 


SCALE INSECTS.—The oystershell scale continued to be of little importance in commercial 
orchards in all fruit-growing areas of the Dominion with the exception of New Brunswick, 
where serious damage was reported in a few orchads in the St. John River Valley and little 
improvement over previous years was indicated. In British Columbia, the San Jose scale was 
at its lowest ebb in years, possibly because of the severe winter of 1949-50. In Ontario it was 
of economic importance only in neglected orchards in which it was moderately abundant south- 
west of London. An unprecedented outbreak of Lecanium spp. occurred on commercial pear 
and plum trees in southern areas of Vancouver Island. The large soft scale, Pulvinaria sp., 
which appeared in several apricot and peach orchards in British Columbia in 1949, was 
practically non-existent, and the European fruit scale remained at a low ebb. . 


STRAWBERRY CROWN MOTH .—This strawberry pest has been gradually increasing in 
numbers on Vancouver Island, B.C., and causing damage, particularly to 2-year-old plantings. 


STRAWBERRY LEAF ROLLER.—Several severe infestations were reported in the Niagara 
district, and it was moderately abundant in Norfolk County in Ontario. 


TENT CATERPILLARS AND WEBWORMS.—The eastern tent caterpillar was reported 
as being more common than usual on apple and choke cherry throughout all areas of Eastern 
Canada except Nova Scotia, where it was less prevalent than in recent years. In Saskatchewan, 
Malacosoma sp. severely defoliated saskatoon berry, plum, cherry, and rose at Pike Lake, Sas- 
katoon, and in many parts of northern Saskatchewan. Some damage was caused to apple trees 
in Kings County, N.S., by the forest tent caterpillar. The spotless fall webworm, Hyphantria 
textor, Harr., was more abundant than in 1949 at Brandon, Man., but was apparently scarce 
elsewhere in the Dominion. Malacosoma lutescens (N. & D.) occurred in severe infestations in 
Manitoba but was less abundant than in 1949. 


INSECTS AFFECTING GREENHOUSE AND ORNAMENTAL PLANTS 


APHIDS.—Many species of aphids were abundant on a wide variety of ornamentals, partic- 
ularly in Manitoba and Ontario. The boxelder aphid was very abundant at Brandon, Man. 
Caragana hedges were severely defoliated in northern Alberta and at Saskatoon, Sask., presump- 
ly by Macrosiphum caraganae Cholod. Delphinium was damaged by Kakimia wahinkae Hottes 
in Saskatoon. Severe infestations of the wooly elm aphid appeared in Lethbridge, Alta., and it 
was abundant in Quebec. Eriosoma lanigerum (Hausm.) appeared to be even more abundant 
than Eriosoma americanum (Riley) on elm in northern Alberta. Pemphigus spp. severely in- 
fested poplar at Turin, Picture Butte, Iron Springs, and Monarch in Alberta. The poplar 
vagabond aphid was a pest of cottonwood windbreaks in Manitoba, and at Brandon caragana, 
pansies, sweet peas, and roses were severely attacked. Norway maple, elm, and copper beach 
were commonly attacked in Ontario, and in southwestern areas severe aphid infestations damaged 
a wide variety of ornamentals. 
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BALSAM-FIR SAWFLY.—This insect was the major pest of planted spruce south of Ed- 
monton, Alta. 


BIRCH SKELETONIZER.—Ornamental birch were severely skeletonized in Edmonton, Alta. 


A BOXELDER PSYLLID.—A severe infestation of Psylla negundinis (Mally) occurred at 
Brandon, Man. 


BOXELDER TWIG BORER.—This twig borer was more abundant than usual on boxelder 
at Portage la Prairie, Sandford, and Beausejour in Manitoba. 


COLUMBINE BORER.—The columbine borer continued to be a very serious pest of colum- 
bine in Manitoba. 


EUROPEAN PINE SHOOT MOTH.—Large populations again caused considerable say 
to nursery stock and Mugho and other ornamental pines in Ontario in 1950. 


FALL CANKERWORM.—Infestations occurred on boxelder at Dauphin, Souris, Brandon, 
and Winnipeg, Man. Grackles are believed to have checked the outbreak at Winnipeg. 


GARDEN SLUGS.—Infestation of ornamentals was above average in Ontario and persisted 
throughout the summer. 


GLADIOLUS THRIPS.—Infestations of this common pest were reported from Picture Butte, 
Calgary, and Red Deer, Alberta; Saskatoon, Sask.; Morden, Man.; and Ottawa, Ont. 


LEAFHOPPERS.—Erythroneura ziczac Walsh severely damaged virginia creeper at Kamloops, 
B.C. Infestations were somewhat reduced in Alberta and at Saskatoon, Sask. Empoasca sp. 
severely infested all Chinese elm hedging in a nursery at Campbellford, Ont. 


LILAC BORER.—Lilac was again infested in the Winnipeg area. 


LILAC LEAF MINER.—Distribution was general in Quebec, infestation varying from lght 
to severe, and lilac was severely infested throughout Prince Edward Island. 


MITES.—Mites were abundant, as has been usual in recent years, on ornamentals through- 
out the south-central interior of British Columbia; on Vancouver Island and the lower main- 
land, Rhizoglyphus echinopus (F. & R.) and Rhizoglyphus solani caused economic damage to 
narcissus and lily bulbs. The cyclamen mite was a serious pest of cyclamen and _ strawberry 
at Brandon and Morden, Man., and the pacific mite was less abundant than in 1949 on rose 
and cotoneaster at Brandon. The maple bladder-gall mite continued to be a pest of soft maple 
in ornamental plantings in Ontario. Greenhouses in the Richmond Hill, Toronto, Brampton, 
Hamilton, and Simcoe areas had moderate to severe infestations of the cyclamen mite, and 
occasional infestations of the two-spotted spider mite. The latter species was injurious also 
to cucumbers grown under glass from March to July in southwestern Ontario. 


NARCISSUS BULB FLY.—Infestation was considerably reduced from that of 1949, mainly 
by control measures, in southwestern areas of British Columbia. 


A NELUMBO BORER.—In Mitchell’s Bay, Lake St. Clair, Ont., Pyrausta penitalis (Grote) 
attacked one of the few stands of American lotus known in Canada. Approximately 60 per 
cent of the flower and leaf stems showed entry holes. 


PEAR SLUG.—Cotoneaster was generally infested in Lethbridge, Alta. 


ROSE CURCULIO.—The normal amount of damage was reported from Kipling, Scott, and 
Saskatoon, Sask., and from Manitoba. 


RHODODENDRON LACE BUG.—Adult lace bugs, believed to be of this species, occurred 
in considerable numbers on rhododendron in a greenhouse at Centreville, N.S. This is a new 
record for the area. 
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SCALE INSECT'S.—On Vancouver Island, the soft scale, which had been particularly in- 
jurious to holly and laurel, experienced a winter mortality of 95 per cent where the minimum 
temperature reached 60°F. An unprecedented outbreak of Lecanium spp. occurred on Japanese 
plum and maple in southern areas of Vancouver Island. The European elm scale, which is 
not common in the interior of British Columbia, occurred in moderate numbers at Kelowna. 
The oystershell scale was abundant on ornamental crab and mountain ash in the lower St. 
Lawrence River Valley in Quebec. ; 


INSECTS AFFECTING MAN AND DOMESTIC ANIMALS 


BED BUG.—The once common bed bug is becoming less numerous throughout the Dominion 
but considerable infestation still exists, particularly in the Prairie Provinces and other sparsely 
settled areas. 


BLACK FLIES.—Severe black fly infestations were reported in the Kamloops area of British 
Columbia. ‘There were no severe outbreaks in Saskatchewan in 1950. The livestock-infesting 
species, Simulium arcticum Mall., occurred in 3 small outbreaks, the first in the Albert-Mac- 
dowall district, the second at Saskatoon and Dundurn, and the third and most extensive cover- 
ing 100 square miles at Baljennir. Each caused annoyance to livestock but no fatalities resulted. 
Simulium venustum Say was found in all streams examined between Saskatoon and LaRonge, 
109 miles to the north, but caused annoyance to livestock and man only in the vicinity of La- 
Ronge. It was found also in 15 out of 31 streams examined in the agricultural area of Sas- 
katchewan but caused little annoyance except in the vicinity of a mile-long series of rapids 
on the Torch River, in the northeastern part of the Province. Simulium vittatum Zett. was 
more widely distributed than S. venustum, being found in 22 of the 31 streams examined, but 
it was not sufficiently abundant to become a pest. Two unidentified species of Simuliwm were 
found in most of the larger northern streams but were abundant only in the Torch River. 
Cnephia invenusta (WIk.), a large species, was found in small numbers in areas adjacent to the 
South Saskatchewan River from Saskatoon to Fenton, and caused some annoyance to man. 
A small outbreak of S$. venustum occurred along the Souris River in the vicinity of Melita, 
Man.; and in eastern Ontario Simuliwm spp. were much less numerous than in recent years. 


BLOW FLIES.—There appeared to be an increase in myiasis in the Kamloops area of British 
Columbia in 1950, 5 human and 2 small animal cases having been reported. Five cases of in- 
fant infestation by Wohlfahrtia sp. were reported by doctors in northern Alberta. 


BOT FLIES.—The general reduction in the horse population in Manitoba, and doubtless in 
other provinces, has resulted in a greatly decreased demand for horse bot remedies. 


DEER FLIES.—Chrysops excitans Wilk. and Chrysops mitis O.S. were serious pests of live- 
stock in northeast Saskatchewan. 


FLEAS.—Reports of infestations. of Ctenocephalides spp. were again rather infrequent. 
HORN FLY.—A scarcity of this cattle pest was reported in Prince Edward Island. 


LICE.—Head lice continue to be a problem, particularly in urban centres. Exclusions for 
this reason in Ottawa schools numbered in the hundreds in 1950. Infestations of Linognathus 
piliferus Burm. and Trichodectes canis DeG. were occasionally reported in Ontario and Quebec. 
Undetermined species of lice were reported on laboratory rats in Ottawa, Ont., and on guinea 
pigs in Winnipeg, Man. 


MITES.—Cases of scabies were not uncommon among Ottawa school children in 1950. 
Mange in hogs was reported from northeast Saskatchewan. 


MOSQUITOES.—Mosquitoes appeared to be more abundant than usual in the Kamloops 
area of British Columbia. Large numbers occurred in the vicinity of Edmonton, Alta., but 
most of them are believed to have been carried into the area from tamarack-swamp breeding 
grounds by strong northwest winds. They were not troublesome during the spring in Sas- 
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katchewan, but Aedes spencerit (Theo.) caused considerable annoyance to livestock and man 
at Fenton in late May, and Aedes fitchii (F. & Y.) occurred in smaller numbers in Waskesiu 
National Park in mid-June. Small numbers were troublesome in northeast Saskatchewan in late 
July and August. Aedes vexans (Meig.) and other species were abundant but well controlled 
at Winnipeg and Brandon, Man. Various species were very annoying for the longest period in 
many years in eastern Ontario and western Quebec. In Prince Edward Island, too, large 
populations were reported. 


TABANIDS.—Horse flies and deer flies were the most serious of all livestock pests along 
the fringe of settlement in northeast Saskatchewan in July and August. The most abundant 
species of the former were Tabanus frontalis Wlk., Tabanus haemaphorus McD., Tabanus 
lasiophthalmus Macq., and Tabanus affinis Kby. In eastern Ontario tabanids were somewhat 
below average in abundance. 


TICKS.—Dermacentor andersoni Stiles was more numerous than usual where collections 
were made at Rayleigh, B.C., and cases of paralysis in cattle and sheep were slightly above 
average in number. Large numbers of this species were collected in southwest Saskatchewan, 
and a great many harboured a highly virulent strain of the tularaemia organism. An infestation 
of a human by Ornithodoros hermsi Wheeler, Herms, and Meyer occurred at Okanagan Land- 
ing, B.C. Surveys for Dermacentor albipictus (Pack.) revealed a definite decrease in numbers 
of larvae in the Kamloops area of British Columbia. However, infestations on moose and deer 
during the spring season were as heavy as ever. A bull imported to Brandon, Man., from 
Montana was infested by this species. Dermacentor variabilis (Say) was abundant in the 
Wawanesa, Oak Lake, and Ninette districts of Manitoba. 


WASPS.—Nests of several species of wasps were more numerous than usual, and a consider- 
able nuisance about dwellings and garages, and under sidewalks in northern Alberta, and in 
Ottawa, Ont., and vicinity. 


HOUSEHOLD INSECTS 


ANTS.—Ants continued to be a major pest in dwellings, particularly in Eastern Canada. 
The black carpenter ant as in past years occurred commonly in Ontario and Quebec. The 
pharaoh ant was again frequently reported from Manitoba eastward to Prince Edward Island. 
Several extensive infestations of this species occurred in Ottawa, Ont., where four large office 
buildings were overrun, and in Montreal, Que., where an office building occupying two city 
blocks was generally infested. 


BOXELDER BUG.—Residents of several dwellings in southwestern Ontario were annoyed 
by the presence of this insect during the winter, and it was more abundant than for several 
years in houses in northern Alberta. 


CARPET BEETLES.—On the basis of reports, the black carpet beetle seemed to be the 
major fabric pest throughout Canada, apparently being more prevalent than clothes moths. 
Anthrenus scrophulariae (L.) occurred less frequently than the black carpet beetle in Eastern 
Canada and was not reported from western areas. 


CLOTHES MOTHS.—Reports of infestations were fairly numerous but were outnumbered 
by those of carpet beetles. The casemaking clothes moth was the most prevalent species in 
Quebec and Prince Edward Island. 


CLOVER MITE.—Many dwellings were invaded by this mite in northern Alberta. Infesta- 
tions were reported also from Winnipeg and Alexander, Man., and Toronto, Ont. 


COCKROACHES.—The German cockroach was occasionally reported in Western Canada 
but in Ontario and Quebec it was a common pest, reports being received at Ottawa from 
9 urban centres. The oriental cockroach was reported from Winnipeg, Man., Seaforth, Ont., 
and unspecified centres in Quebec. 
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CRICKETS.—Reports of infestations were not numerous but included camel crickets at 
Ottawa and Trenton, Ont., and the house cricket in bakeries and institutions in Quebec. 


CUTWORM MOTHS.—Large populations created a nuisance in dwellings in southern and 
west-central Saskatchewan, and in the vicinity of Ottawa and Kemptville, Ont, 


A HAIRY FUNGUS BEETLE.—Typhaea stercorea L. occurred in large numbers on in- 
sulation in the walls of a dwelling at Newburg Junction, N.B. 


HOUSE CENTIPEDE.—Specimens were received on four occasions at Ottawa, all being 
collected locally. 


HOUSE FLY.—Populations were reported to be increasing in northern Alberta, in the 
Ottawa, Ont., area, and in Prince Edward Island. Light infestations were reported from Leth- 
bridge, Alta., Saskatchewan, and Manitoba. DDT-resistant strains have apparently developed 
at Vegreville, Alta., and Ottawa, Ont. 


A SAP-FEEDING BEETLE.—Glischrochilus quadrisignatus Say occurred in numbers in 
several dwellings near a fruit pectin plant at Cobourg, Ont. 


SILVERFISH.—Infestations were reported, ay from large urban areas in British Columbia, 
Alberta, Ontario, and Quebec. 


SPRINGTAILS.—An anusual. infestation covering several acres at Leitrim, Ont., resulted 
in the invasion of a farmhouse by immense numbers of the insects, which were found even 
in the beds. Another unusual infestation occurred in a masonite-lined refrigerator in Ottawa. 
When control efforts failed, the back was removed from the machine and large numbers of the 
springtails were found quite active on the inner surface of the lining, close to the cooling unit. 


STRAWBERRY ROOT WEEVIL.— Hibernating adults again occurred in many homes in 
Ontario, Quebec, and Nova Scotia. 


TERMITES.—Reticulitermes flavipes (Kollar), which previously was known to occur in 
Ontario only at Toronto, was found in a small workshop in Windsor. 


WOOD BORERS.—Powder-post beetles, Lyctus spp., continued to be an important pest 
in barns and dwellings in Eastern Canada. In some instances in Prince Edward Island, build- 
ings had to be destroyed. A wood-boring sawfly, Xiphidria mellipes Harr., emerged in numbers 
from behind baseboards in a house in Windsor, Ont. Trypopitys sericeus Say damaged timbers 
in a dwelling at Como, Que. Anoplodera nigrella Say cut holes in gyproc, and Monochamus sp. 
in plaster, in dwellings in Montreal, Que. 


STORED PRODUCTS INSECTS 


STORED GRAIN INSECTS.—Canadian grain moved at normal rates in 1949; and as a result 
of this factor, as well as continuous inspection and the application of control measures when 
required, it was reasonably free from storage pests during 1950. Part of the United States 
grain that had been stored in Canadian elevators in the Bay Port area* remained on hand, 
and it was found necessary to fumigate a major portion of it in order to prevent infestation 
of Canadian grain stored in the same facilities. The principal insects were the granary weevil, 
the flat grain beetle, the rusty grain beetle, and in a few cases the lesser grain borer. 


The soft type of wheat grown in western Ontario and used in the manufacture of pastry 
flour was comparatively free from weevil infestation although some damage was caused. The 
1950 crop has moved into consumption rather slowly, and an increase in storage problems 


* The “‘Bay Ports” originally referred to the grain storage ports on Georgian Bay, but the term 
is now used rather loosely to include all storage ports in the Great Lakes area except the Lake 
Head Ports on Lake Superior. 
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may be anticipated. Some instances were reported in December of wheat heating as a result 
of infestation by the saw-toothed grain beetle. 


Feed grains stored on Ontario farms continued to show infestation by the granary weevil, 
the rice weevil, the sawtoothed grain beetle, the cadelle, the flat grain beetle, and the red 
flour beetle. | 


MILL INSECT'S.—The flour beetles continue to be the most important insects found in 
flour mills in Ontario. In many of the smaller plants the Mediterranean flour moth is also 
of considerable importance. During September the Pure Food and Drug Divisions of the De- 
partment of National Health and Welfare undertook their first inspection of flour mill pre- 
mises. It is the intention of the Deparment to place the inspection of such premises on a re- 
gular basis in order to raise the general standard of mill sanitation. In Alberta, the large 
flour beetle, Tribolium destructor Uytten., first recorded in 1945, now appears to be per- 
manently established as a pest of flour, although it is nowhere abundant . 


SPIDER BEETLES.—The spider beetle problem on the prairies has been substantially re 
duced by the widespread, continuous use of 5 per cent DDT in flour storage warehouses. In 
British Columbia, Piinus ocellus Brown was a pest of major importance in warehouses as well 
as in the home. The degree of infestation in warehouses has shown a material decline through 
the increasing use of multiwall paper bags for stock feed. Some infestations have occurred in 
Eastern Canada, the hairy spider beetle, Ptinus villiger (Reit.) and another species, Ptinus 
raptor Sturm, being most frequently encountered. | 


BEAN WEEVIL.—Infestations were reported from Winkler, Man., Ottawa, Ont., and many 
localities in Quebec. In Nova Scotia it has become a rather serious pest since its appearance 
in Digby County in 1937, the first in the Province. 


CIGARETTE BEETLE.—¥Extensive infestations occurred in’ two tobacco processing plants 
in Montreal, Que.; and at Chatham, Ont., a suite of upholstered furniture was infested. 


CONFUSED FLOUR BEETLE.—Food materials in stores and in the home were frequently 
infested in Quebec. 


DERMESTIDS.—The larder beetle was commonly reported as a pest of food materials in 
dwellings throughout the Dominion. Trogoderma versicolor (Creutz.), which has been com- 
mon in some powdered milk plants, was not encountered in 1950. 


DRUG-STORE BEETLE.—Infestations were reported from Winnipeg and Winkler, Man., 
and from Quebec, Que. 


INDIAN-MEAL MOTH.—This insect continued to be commonly reported in homes and 
stores. 


A PEANUT BRUCHID.—Specimens of Pachymerus acaciae Gyll. were found in an ocean- 
going vessel at Wallaceburg, Ont. ‘Though a common pest in west Africa, the insect had not 
previously been intercepted in Canada. 


SAW-TOOTHED GRAIN BEETLE.—This beetle was again one of the most commonly 
encountered stored-food insects in Eastern Canada. 


TOBACCO MOTH.—The population of this insect was, in general, at a much lower level 
than in previous seasons in tobacco storage warehouses. The improved situation is largely 
due to the use of DDT. 


YELLOW MEALWORM.—Reports of infestations in feed barns were fairly common in the 
Prairie Provinces. 
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A SURVEY OF INVESTIGATIONS ON THE DISEASES OF INSECTS’ 
J. W. MacBain CAMERON? 


Laboratory of Insect Pathology, Sault Ste. Marie, Ontario. 
INTRODUCTION 


The history of studies in insect pathology has been reviewed in detail several times, most 
recently by Steinhaus (i949). ‘Therefore in this paper an attempt will be made to point out 
only the highlights of these past investigations, and to note some of the current problems and 
the methods being used in their study, with some suggestion of the future prospects of utilizing 
disease organisms as agents for insect control. Emphasis will be placed on viruses, fungi and 
bacteria, which are being studied at the Laboratory of Insect Pathology at the present time. 


FUNGOUS AND BACTERIAL DISEASES 


The first evidences of disease in insects appear to have been noted in the domesticated forms, 
notably bees and silkworms. It is over a hundred years since Bassi de Lodi demonstrated that 
muscardine disease of the silkworm was due to a fungus, which was described and named 
Botrytis bassiana by Baisamo, in honour of the discoverer. However, it was the investigations by 
Pasteur of the pebrine and flacherie of silkworms that first focussed the serious attention of 
scientists on diseases of insects. 


About the same time mycologists were beginning to report the occurrence of fungi on insects 
other than the silkworm. In 1879 Metchnikoff, in Russia, made the first significant experiments 
in the use of microorganisms in insect control, when he was able to infect larvae of the beetle 
Anisoplia austriaca Hbst. with the fungus Metarrhizium anisopliae (Metch.). The results of this 
and later tests were so promising that in 1884 Krassilstschick established a laboratory for the 
purpose ‘of producing spores of the fungus on a lange scale. In reviewing the investigations on 
fungi, Metalnikoy and Chorine (1928) state: “All these experiments very clearly demonstrate 
that the entomophytic fungi are terrible enemies against harinful insects, but unfortunately the 
entomophytic fungi require special conditions for their development, such as humidity, a 
favourable temperature, etc., not always found under natural conditions. That is the reason why, 
up to the present time, attempts to apply fungi on a big scale, as a remedy against noxious 
insects, have given contradictory results. Nevertheless we believe that the entomophytic fungi 
may play a very impoitant part in the fight against insects, but it is necessary to find a very 
virulent fungus for each particular insect and to act at the season most favourable for its de- 
velopment.’ While it is true that fungi, as well as other pathogens, are important in insect 
control, most current investigations suggest that entomophytic fungi are not specific, as Metal- 

_nikov and Chorine thought, but rather that they have a variety of hosts, and that their virulence 
is at least partly dependent on physical factors. 


Krassilstschick (cited in Metalnikoy and Chorine, l.c.) also made the first attempts to utilize 
bacteria in controlling insects. He isolated two bacteria from Melolontha vulgaris, but was un- 
able to maintain their virulence in culture. Injection into the blood usually caused infection, 
but no success was obtained by feeding. 


Up until 1911 most of the attention was concentrated on fungi, with a few references to 
protozoa. Then d’HerelJle isolated a bacterium, Coccobacillus acridiorum, from dead and dying 
locusts in Mexico. He reported positive results of infection per os, and his work was followed 

/ by a number of attempts varying in success from regular kill in four hours (Sergent, 1916, cited 
in Metalnikoy and Chorine) to such poor results that the method was recommended only as a 


1Contribution No. 36, Division of Forest Biology, Science Service, Department of Agriculture, 
Ottawa, Canada. 


2Officer-in-Charge. 
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supplement to chemical contro] (Lounsbury, 1913, cited in Metalnikoy and Chorine). In general, 


the first great optimism gave way to discouragement regarding the possibilities for using bacteria 
in insect control, although here again much of the disappointment may be attributed to lack 
of attention to fundamentals. It is fairly certain, that a number of different strains of C. acri- 
diorum were used, and in some cases against hosts now known to be resistant to this bacterium. 


From 1910 on, a number of investigators were engaged in: studies of insect diseases. Paillot 
(1922) investigated many fundamental problems in nearly all the major phases of insect pathology 
and after extensive work he was very pessimistic about the utilization of disease as a means of 
control. He was unable te obtain any bacterial infection by way of the digestive tract even under 
laboratory conditions, and did not believe that it would occur in nature. Metalnikov and his 
associates dealt especially with immunity principles in insects. They tested a large number 
of disease-causing organisms such as those of tuberculosis, leprosy, tetanus and diphtheria, and 
found that insects were highly resistant to them, though frequently very sensitive to such bacteria 
as Bacillus subtilis and B. proteus, which are of limited virulence to man. (In the light of present 
knowledge, this result would not be unexpected). They thought that insects could build up 
immunity more easily than other animals. Changes in the virulence of the bacteria in culture 
seemed to have a great effect on ability to produce epidemics; cultures taken from sick larvae 
were very potent, but in culture the effectiveness rapidly disappeared until finally they would 
cause death only when injected into the body cavity. They concluded that bacteria of insects 
are highly adapted to their hosts and need very particular conditions for their development. 
Creation of artificial epidemics requires a limited range of physical conditions and they re- 
cognized that lack of knowledge of many of these requirements would explain the contradictory 
results obtained in attempts at practical application of entomophytic microorganisms. 


In the 1920’s, the European corn borer was a pest of major importance both in Europe and 
in North America. A group was organized under the ‘aegis of the International Livesteck Ex- 
position, Union Stock Yards, Chicago, to investigate means of controlling this insect. Most of 
the work was done in Central Europe, though some parts were carried out in other countries, 
including Russia. A series of reports was prepared under the editorship of Tage Ellinger, in- 
dicating that extremcly promising results were obtained with both fungi and bacteria. For 
example, Husz (1928) reported that Bacillus thuringiensis under certain conditions is pathogenic 
to corn borer larvae. Under the conditions of the experiments, the larvae were killed in 36 hours 
when fed on foliage contaminated by the bacillus or its spores. Infection was found to be possible 
by placing the spores on any surface with which the larvae came in contact. The spores with- 
stood temperatures up to 100° C. without reduction of virulence or viability, and the bacterium 
could be produced readily on plain. meat agar without any loss in virulence. Husz concluded: 
“Considering all these facts, it may be possible to develop practical methods for applying Bacillus 
thuringiensis in the fight against the corn borer”. 


In summarizing the investigations of four years, Vouk (1931) stated that a number of new 
bacteria had been found whose pathogenicity for healthy corn borer larvae was clearly demon- 
strated. By artificial infection extensive mortality was caused among the field population. He 
concluded “... hardly any doubt remains that bacteria can be applied successfully in the fight 
against the corn borer. The scientific problem has been completely solved. The practical de- 
velopment of the method is now merely a question of technical and economic character, the 
significar:ce of which should certainly not be underestimated.” Unfortunately, this optimistic 
conclusion has not been borne out in the succeeding years. 


The same series of investigations also included the use of fungi to control the corn borer. 
Toumanoff (1928) made serial sections of corn borer larvae infected with Aspergillus flavus and 


Spicaria farinosa to study the progress of fungus growth; in no case did he find infection through , 


the intestinal tract. The fungi developed in the temperature range from 18°C. to 30°C. He did 
not believe that special humidity conditions were necessary, due to the occurrence of cuticular 
secretions which kept the larvae quite moist, though this is very different from the findings of 
Quinn (195!) using spores of several strains of Beauveria. Metalnikovy and Toumanoff (1928) 
sectioned dead and sick larvae, and always found fungal growth in the body cavity, infection 
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having taken place through the skin, which they state is “the only method of infection known, up 
to the present time’. They concluded that “the Pyrausta larvae are very easily infected by para- 
sitic fungi even in the absence of moisture. Infection may 1esult from simple contact with the 
spores of the fungus”. 


Hergula (1931) claimed a 99 per cent reduction of corn borer population by dusting corn 
plants with a mixture of 1 part by volume of Metarrhizium anisopliae spores with 5 to 20 parts 
of starch. Climatic conditions at time of application had little influence on the effectiveness. 
Dusting should be carried out before or just after hatching of the eggs, as the infectivity of the 
mixture is lost seven days after application, due to weathering and the effect of solar radiation. 


In summing up the general results from: four season’s investigations, Ellinger (1931) stated 
that in Hungary and Yugoslavia, under ordinary farming conditions, the extent of corn borer 
infestation had been reduced by 50 per cent by the use of disease organisms. In Germany, how- 
ever, results were disappointing. He continued: “Such contradictory results are not surprising 
to those familiar with microbiology. Our knowledge of the pathogenic microbes used in the 
experiments is still so new and so limited that it really is more surprising that such difficulties 
have not arisen before. As a probable explanation it suffices to suggest the laboratory problems 
of detecting immediately a diminution in the virulence of the bacteria and the germinative 
faculty of the fungi”. Experiments in Canada and the United States also have shown that fungi 
are certainly not the complete answer to the problem of controlling the corn borer. 


VIRUS DISEASES 


While the diseases caused by fungi and by bacteria were being recognized and studied, an- 
other group was being veglected because of lack of facilities. These are what are now known 
as the virus diseases. Itivestigation of viruses began towards the end of the last century, when 
it was discovered that mosaic disease of tobacco could be transmitted from diseased to healthy 
plants by means of bacteria-free filtrates of juice from the affected plants. About the same time 
it was demonstrated that foot-and-mouth disease of cattle was caused by the same type of agent, 
and shortly thereafter diseases caused by filterable agents were recognized in numerous plants, 
im man and other vertebrates, and in invertebrates. Glaser and Chapman (1913) demonstrated 
that the “wilt disease” of gypsy moth caterpillar and other insects also fell in this class. No 
active agent could be seen by any of the recognized techniques, and therefore they came to be 
known as filterable viruses, soon shortened to the term virus now commonly used. 


Viruses fall into two classes, based on the type of inclusion bodies formed within the host 
cell. In the polyhedral diseases the inclusion bodies are crystal-like, while in the capsule type 
they are granules. Steinhaus (1949) recognizes two additional types, but other investigators do 
not agree, and at the present time there is no universally recognized system of nomenclature. 


Much of the present knowledge of insect viruses is based on investigations of the disease 
generally known as “jaundice” in silk-worms. ‘The history of this disease has been fully traced 
by Steinhaus (1949) and need not be repeated here. The advances in the knowledge of the field 
have been very rapid, especially in the past two decades, probably due in large part to the de- 
velopment of such instruments as the electron microscope and the ultracentrifuge. For instance, 
from the work of Bergold (1950, 1951) it is now recognized that the inclusion bodies are not 
the actual virus. Rather the virus is contained within the inclusion bodies, and amounts to less 
than five per cent of the total weight. The virus particles can be liberated from the inclusion 
bodies by treatment with weak alkali, and they are demonstrably the infectious agent of the 
disease. The polyhedra contain numerous virus particles, either singly or in bundies, whereas 
there is only a single particle within each capsule. 


Studies of the chemical composition of both the virus and the occluding body have been 
made. Smith and Wyatt (1951) isolated desoxypentose nucleic acid from the purified virus of 
gypsy moth. They found that there is a wide range of nucleotide composition in the nucleic 
acids from different microorganisms. Wellington (1951) examined the purified virus and the 
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polyhedral protein of jaundice of Bombyx mori and the purified virus and the capsule protein 
of granulosis of Cacoecia murinana. She found the same 17 amino acids occurring in all four 
of these proteins, but was unable to do a quantitative analysis. However, she did test quantita- 
tively for an eighteenth amino acid, tryptophane; she could not demonstrate it in the viruses. 
but found it to the extent of approximately 3 per cent in both capsular and polyhedral protein. 
Further quantitative tests are in progress, and their results may indicate other differences. 


The virus particles of the silkworm jaundice are infectious at dilutions of 10-% gram of — 
protein per larva. ‘They are enclosed within a membrane and show indications of internal 
structure, and their reaction to such agents as glycerol, alcohol, ether, and freezing indicates 
that they have some properties characteristic of living microorganisms. Bergold (1950) has de- 
scribed the development of virus particles through a series of stages which he interprets as 
evidence that they are actual organisms. He compared (Bergold, 195le) virus preparations from 
blood cells of silkworms with those isolated from polyhedral bodies from the same insect, and 
found similar rods, spherical developing stages, and tube-shaped virus membranes in both. 
Bird (1951) studied thin sections of the digestive cells of European spruce sawfly in the electron 
microscope. He found both small spherical particles and rods free within the nucleus as well as 
enciosed in the polyheara, and concluded that the polyhedra arise as ultramicroscopic bodies, 
and that multiplication and development of the virus take place within these bodies as well 
aso frees the cell. 


The histopathology of polyhedral viruses has been studied by a number of investigators. In 
the Lepidoptera the tissues infected include the blood cells, the hypodermis, fat tissues and 
tracheal matrices. In some cases other tissues have been reported as infected, but not with any 
degree of regularity. In the Hymenoptera, only the spruce sawfly, Diprion hercyniae (Htg.) has 
been studied intensively; here infection occurs in and is confined to digestive cells of the mid-gut 
epithelium; this may be characteristic of infection in members of this order. In the capsule 
viruses, the infection seems to be limited largely to the fat body, and the granules usually be- 
come apparent first in the cytoplasm, in contrast with the polyhedral viruses which first show 
up in the nuclei. 


RECENT DEVELOPMENTS IN UTILIZATION OF INSECT PATHOGENS 


Insect diseases may be divided into two groups: Those that may be useful in controlling in- 
jurious species, and those that cause economic losses when useful or beneficial species become 
infected. Most of the fundamental studies carried on prior to 1940 were on diseases of the 
second group. A large number of attempts were made to utilize microorganisms in the control 
of injurious insects, probably the most ambitious being the program to control European corn 
borer already referred to. But many of these attempts, which started out with great promise, 
resulted in unsatisfactory contro] and were dropped. These disappointments resulted in a 
general feeling that the entire method was useless, and led to a lack of interest in the subject 
for many years. Probakly a major factor in these early investigations was the rather general 
neglect of the fact that disease is merely one element of insect ecology, and must be considered 
as such. Biological control factors, both entomophagous and microbiological, are at work among 
all natural insect populations, and are probably more important than is generally believed in 
maintaining the balance of nature. 


Within the past 15 years it has become increasingly apparent that the field of insect pathology 
required more intensive study than had been given it previously. A number of cases that were 
examined more or less carefully have already been mentioned. Steinhaus (1949) reviews these as 
well as others in more detail. The U.S. Department of Agriculture in 1939 began a program to 
study the milky disease of Japanese beetle caused by Bacillus popilliae and to produce the spores 
of this organism in quantity as a means of control. Results have been excellent, and in ten years 
nearly 150,000 pounds of spore dust were used in treating over 80,000 acres (White and McCabe, 
1951). Additional quantities were produced and distributed by commercial concerns. Utilization 
of fungi has been less satisfactory, and as yet there is no case where consistently favourable re- 
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sults have been obtained. In this case lack of attention to fundamental details has been a contri- 
buting factor. For instance, MacLeod (unpublished data) has shown that some twenty or more 
described species in the genus Beauveria actually are strains of only two species, and that they 
differ greatly in their ability to cause disease. It will be a long-term program to put the study 
and use of fungi on a sound basis. 


On the other hand, the use of viruses is steadily becoming more promising. Balch and Bird 
(1944) appear to have been the first to demonstrate that a polyhedral virus can be introduced 
into new areas, when they used an aqueous extract prepared from diseased European spruce 
sawfly larvae in New Brunswick to infect that insect in certain areas in Newfoundland. Prior 
to this introduction no diseased insects had been found in the latter province, but in the 
following years the virus became prevalent over considerable areas surrounding the points of 
treatment. 


These developments stirred up new interest in the field, and in 1945 the University of 
California established a Laboratory of Insect Pathology at their College of Agriculture. In 1946 
a program of investigation was set up at the Forest Insect Laboratory in Sault Ste. Marie, 
Ontario, and within a year it was apparent that special facilities would be required to cary on 
such a program adequately. As a result, plans were drawn for a new laboratory, construction of 
which was completed in 1950. It is completely equipped for carrying out fundamental studies 
on micrcorganisms, as well as for producing useful organisms in quantity when necessary. In- 
vestigatiens are going forward on the pathogenicity of, and mode of infection by bacteria, the 
classification and physiology of fungi, and the biochemistry, characterization, pathogenicity and 
histopathology of the viruses. A general survey is being made of the occurrence of diseases in 
forest insect populations by means of samples submitted by various forest insect laboratories. 
Field studies of pathogens affecting populations of the spruce budworm and the larch sawfly in 
‘northwestern Ontario are being carried out by staff of the Forest Insect Laboratory, in co- 
operation with the Laboratory of Insect Pathology. 


In addition, field experiments are being carried out on the effectiveness of virus diseases in 
controlling sawflies. Dhe work of Balch and Bird (1944) on European spruce sawfly in New- 
foundland and New Brunswick has already been mentioned. In 1949, an infestation of this 
insect was found near Thessalon, Ontario. Extensive sampling indicated that no disease was 
present (Bird and Whaien, 1951) so in 1950 an experimental dissemination of virus was under- 
taken. Intensive sampling was carried on throughout 1951, and the results indicate that disease 
has become well-established and in the immediate vicinity of the point of application has caused 
extremely heavy mortality, while at the same time it has spread to unsprayed trees up to a half 
mile from the sprayed area. 


In southwestern Ontario, the sawfly Neodiprion sertifer (Geoff.) is a serious pest in planta- 
tions of Scotch pine grown for Christmas trees. The same insect is a pest in Europe, where a virus 
disease infecting it was discovered. Dead European larvae were sent to the Sault Ste. Marie 
Laboratory in 1949, and the virus material was extracted, tested against the Canadian population 
and found to be highly virulent. Preliminary field tests carried out by Bird in 1950 indicated 
that this virus might be highly practical as a control. The program was extended in 1951, when 
the virus suspension was applied by means of a power-operated fog generator. Again results 
are incomplete as cocoon and egg surveys are still to be made. The indications are that this 
-method of application is comparatively easy and highly effective, and that this particular disease 
can be readily established as a continuing control against the insect. 


Steinhaus and Thompson (1949) used a polyhedral virus to control the alfalfa caterpillar, 
and found it quite effective. Steinhaus (1951) also used the bacterium Bacillus thuringiensis 
against the same insect with promising results. The bacterium did not give quite as great total 
reduction as did the virus, but it was effective much move quickly, most of the larvae dying 
within the first 48 hours. He speculates that it might be advisable to use the two diseases to- 
gether, depending on the bacterium for initial rapid kill, and on the virus to hold the surviving 
population at a low level. 
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The examples just cited are some of those in which a 1easonable degree of success has been 
attained. Many others could be mentioned where results have been disappointing. For instance, 
tests with spruce budworm, which is one of the major fonest insect problems at the present 
time, indicate that presently known diseases are ineffective in controlling this insect (Bergold, 
195la). It is possible by artificial means to infect the larvae with massive doses of virus which will 
cause their death, but so far no means has been found to produce results similar to those ob- 
tained with the sawflies. Most of the natural populations appear to be normally infected by 
a capsule virus, and it appears that this immunizes them against infection by other virus 
- diseases. 


The recent outbreaks of tent caterpillars in Ontario provided an opportunity to carry out 
investigations on the diseases affecting this insect. A polyhedral virus was recovered from popula- 
tions in a. number of widely scattered localities in 1950 (Bergold and McGugan, 1951). Mass 
multiplication of the virus was attempted in 1951, but the results were not satisfactory due to 
the occurrence of a bacterial disease in the crowded insect population (Bergold, 195l1b, Angus, 
1951). Feeding tests with the virus suggested that there is an immunity problem to be invest- 
igated; this will require intensive investigation and clarification before control by means of an 
induced epidemic can be expected. 


DISCUSSION OF VARIABILITY IN RESULTS 


It may be useful to speculate on the apparent variability in efficiency of disease as a means 
of insect control. Possibly one of the biggest factors is that of the insect population involved. 
We as yet know very little about the interactions between host and disease. It has often been 
observed that an insect population is affected by disease, and the numbers greatly reduced, but 
in very few of these cases is it known what brought about the sudden apparent increase in 
virulence of the causal organism. Possibly it has been due to climatic factors — in the majority 
of cases this has been given as an explanation, especially where bacterial or fungus disease were 
involved — but it may equally well be, for instance, genetic factors. Possibly the disease organism 
has undergone a mutation that resulted in greatly increased virulence, but produced a strain 
unable to maintain itself after the first flare-up and consequently -disappearing. Or perhaps it 
is the stress conditions, such as overcrowding and starvation, that occur in cases of outbreak that 
reduce the resistance of the population to the disease organism. Climatic factors undoubtedly 
do play a part, but whether directly on the microorganism, or indirectly by weakening the host 
so that it becomes more susceptible, is not known. The apparent specificity of the organism for - 
its host in many cases is also a factor, and one which may account for some of the contradictory 
results that have been 1eported. ‘Thus Bacillus thuringiensis referred to above is morphologically 
and culturally the same as B. cereus, but differs in that it is pathogenic for insects, while most 
strains of B, cereus are not (Steinhaus, 1951). It is probable that many of the conflicting results 
reported from the use of this bacterium have been due to the fact that different strains were 
used. Similarly the disappointing results from the use of Coccobacillus acridiorum were probably 
due to using non-pathogenic strains, or to attempting to use it against grasshoppers in general 
when actually it appears to be effective only against those of the genus Schistocerca. 


SUMMARY 


So we come to the conclusion that we must concentrate on the fundamentals for some time, 
and not worry too much about immediate application. True, opportunities to apply microbial 
control will probably present themselves frequently and advantage should be taken of them, 
but at the same time they should also be used as opportunities to learn more about the funda- 
mental problems. 


Possibly no better summary for this discussion can be found than the following quotation 
from Ellinger (1931): “The positive results, therefore, support the conviction that pathogenic 
bacteria and fungi’ (and we can now include viruses as well) “may be used successfully in the 
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fight against moxious insects; the negative results warn that continued experimentation and 
painstaking research regarding the biological properties of the microorganisms are essential to 
prevent occasional disappointments in their practical application”, 
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CUTWORM CONTROL WITH ALDRIN, DIELDRIN AND HYMAN 
COMPOUND 269 IN BATTS 


A. V. MITCHENER, 


Department of Entomology 
The University of Manitoba, Winnipeg. 


Cutworms of various species are injurious to vegetable and field crops and flowers somewhere 
in Manitoba every year. For many years poisoned baits containing some form of arsenic have 
been recommended to controi them. Some experimental work has been undertaken elsewhere 
recently, with sprays and dusts applied to the surface of the soil with some of the chlorinated 
hydrocarbons, but baits are still relied upon for the control of cutworms which feed above the 
surface of the soil. 


For at least three decades until 1949, poisoned baits containing various forms of arsenic were 
used to control grasshopper outbreaks in Manitoba. During that year and since that time 
toxaphene, chlordane and now aldrin have replaced the arsenic with increasingly satisfactory 
results. In 195! experiments were undertaken in the Department of Entomology at The 
University of Manitoba to learn if some of the newer chorinated hydrocarbons are lethal to 
cutworms. Aldrin, dieldrin and a newer insecticide known as Hyman compound 269 were each 
fed in three concentrations in a bran-water bait to a mixed population largely composed of the 
1ed-backed cutworm, Euxoa ochrogaster (Guen.). Other species reared from the larvae collected — 
were Euxoa tesselata (Harr.), Chorizagrotis thanatologia Dyar and Feltia ducens Wk. 


MATERIALS.—Partially grown cutworm larvae were collected from an infested field of peas 
iiear Altona, Manitoba, on May 26, 1951 after which they were brought to the University and 
fed daily on fresh alfalfa foliage while the supply was being used. Nine different baits and 
a check were fed to the different lots of cutworms. Each of the baits and the check consisted 
basically of 25 grams of bran and 25 cc. of water. Tio baits Nos. 1, 2 and 3 were added 0.15 gms., 
0.30 gms. and 0.60 gms. of actual aldrin, respectively, sample No. 6992. Baits Nos. 4, 5 and 6 
contained 0.15 gms., 0.30 gms. and 0.60 gms. of actual dieldrin, respectively, sample No. 6994. 
To the bran and water base of baits Nos. 7, 8 and 9, Hyman compound 269 was added at the rate 
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of 0.15 gms., 0.30 gms. and 0.60 gms., respectively, sample No. 7010. Each insecticide used was 
in the form of an emulsifiable concentrate. The bran-water mixture was fed to each group of 
-cutworms. 


All experimental lots of cutworms were placed in open, clean, circular, tin containers with 
straight sides, approximately 1014 inches in diameter and 114 inches deep, from which they 
were unable to escape. All experiments were carried out in a room where the temperature 
ranged between 66° F. and 73° F. with a relative humidity varying from 36 per cent to 42 per 
ce1it. Poisonied bait from the same sample, which had been kept tightly covered, was fed in 
each of the four replicated experiments. : 


METHODS.—Twenty cutworm larvae approximately half grown were placed in each of the 
ten tins for each replicate. Fresh alfalfa foliage was given to each lot of cutworms before and 
daily during each experimental period. The designated amount of each insecticide was added 
to 25 cc. of water and the two shaken) thoroughly and then poured over the 25 gems. of bran 
which in each case had been placed in a new one-half pint Atlas cardboard container. After 
the cover had been adjusted the mixture was shaken thoroughly until every particle of bran 
was damp. In each case approximately one level teaspoonful of the bait was scattered over the 
bottom of the tin which had an area of approximately 82.5 square inches. Each larva therefore 
could choose between fresh alfalfa foliage and the poisoned bran bait in each tin. Each of the 
three insecticides was used in three concentrations as shown in ‘Table 1. Each experiment was 
replicated four times. On May 28 the first ten lots with nine baits and the check were started. 
‘This was followed on each of. the three succeeding days by other ten lots of 20 cutworms each. 
In every instance each lot was examined and counts recorded of dead, dying and active cut- 
worms at 24, 48 and 72 hour intervals. Eight hundred cutworm larvae were used in these ex- 
periments. Additional cutworms from the collection made on May 26 were reared and the 
resulting adults were identified as indicated previously. 


RESULTS AND DISCUSSION.—Each of the insecticides was used at the rate of one _part 
actual chemical to 166 parts bran, to 83 parts bran and to 41 parts bran, respectively, as shown 
in ‘VYable I where the results of each experiment are the average of the four replicated treat- 
menis. Table 1 shows that of the three insecticides used, Hyman compound 269 consistently 
killed the most cutworms at the end of 24, 48 and 72 hours at all tiiree rates of application. 
‘This also holds true for the combined dead and comatose cutworms for these same intervals. 
Althcugh Hyman compound 269 kills more quickly than either aldrin or dieldrin as shown 
by the comparative number of dead cutworms. at the end of 48 hours, our observations of the 
behavior of all cutworms indicated that little or no apparent feeding of alfalfa took place after 
the bait had been given to them, esj.ecially after the first 24 hours. Mitchener (1928) showed 
that at the end of 72 hours, paris green in the regular bait used at that time killed 11.6 per 
cent and calcium arsenate 8.3 per cent of the dark-sided cutworm, Euxoa messoria (Harr.) and 
calcium arsenate 8.3 per cent of the dark-sided cutworm, Euxoa messoria (Harr.) and that at 
the end of the tenth day approximately only 50 per cent were dead where each of these poisoned 
yaits was used. Hyman compound 269 in the present instance killed a very high percent of the 
cutworms at the end of 72 hours as shown by Table 1 and immobilized 100 per cent by that 
time. Both aldrin and dieldrin also gave relatively good results. The relatively poorer results 
for the bait containing one part dieldrin to 83 parts bran is due to the results of replicates 3 
and 4 which for some unknown reason were less effective than replicates 1 and 2 for that ex- 
pertinent. Any one of the three insecticides gave good practical control at each of the three 
concentrations used. It is probable that a smaller percentage of each poison to the bran would 
give Satisfactory kills but only further experimental work will determine if this is true. 


Fach of the chlorinated hydrocarbons used, probably kills as a contact poison and also as 
a fumigant. It is not likely that the cutworms were affected by any fumigant action as they 
Were in open tins in a large room. It is possible that they may have been affected by coming in 
contact with the poisoned bran. Further experimental work should be undertaken to determine 
if there is any lethal contact or fumigant effect under conditions similar to those of these 
experiments or in the field. 


REPORT OF THE ENTOMOLOGICAL 


16 


; ‘yuoUllIedxe yore 10} sejeorjder inoj 
ey] JO se8eiaAe ay}, oie sqjnset oyy ‘ezeoI[der yoeo ur swi0oMmynd QZ YM STeAtOUT ANOY PZ Ze SOWT, INOJ pezeorjder sem jueulltedxe yoeq :ALON 


96 Vv L6 Gel SI 9G P16 eee VG FL6 Gal CE 0 Ol SyIIYD 
0001 0'0 eh € 66 0001 00 6°96 Gs O'O0T 0'0 68 S16 Sizek 6 69¢ punod 
-t09 UeUAFy 
0°00 00 F9 9°$6 0001 0'0 0°08 O'0L LO $1 GOL G66 es 8 , 696 punod 
woo uUeUAPT 
0001 00 O'S 0°46 0'00T 00 0°46 OGL L°86 a | LS8 OST 991-1 L 692 punod 
-t0o urwAy 
0 001 0'0 COL 8°68 £86 Il P 9S 5 69 L836 Gol $18 PIT If 9 aLtp[stp 
L'16 878 O'S TZ9 $18 9G G 66 187 LOL 6 0G 6 0L 878 68-1 ci UnMpyerp 
0001 00 896 LL L v6 6G F 6h Oop L'68 6 OL 6°S8 8g 991-1 i altppetp 
0'00T 00 Of ¥ 66 L836 6 | COP 6 8G L386 6 | G18 G6 Il Iv § uripye 
F 16 GG 6 06 GLL 196 8°§ £96 V6G L88 oil 6 99 G66 68-1 G urIpye 
PL6 GG LET L’64 L386 Bai CoV 6 9G V16 68 GLL 6ST 99T-T I arIpye 
ouLkp anyon ouikp  pvap sup any duitp ppap suikp aayovp suikp  pvap UDLQ aquUinN — aplorjoasuy 
Zprap = % Lo L gpvap = % % ypvap = =—% % % 0 apio [vjuaw 
Oi oF Of -199SU ag xq 
suring saz{v sinoy ZL, GU1IDG 1a]{D SINOY Bp Sutiyg s1az{D SANOY FZ fo ouvy 


manne eee eee eee ee eer ee errr errr ere essen ——E—E—E—E—E—E—E—E—EE_—_______ 


‘AVAUVI WUOMLAD AO NOILVINdOd GAXUN V NO LIVE YVALVM NVA V NI 
SNOILVULNAINOD AAUHL LV Gasn 696 GNOOdWOD NVWAH GNV NIYOTHIC ‘NIUGIV LO SLOVWAL TWHLAT AHL 


| 29 a al 


SOCIETY OF ONTARIO Yi tle, 


SUMMARY.— (1) Aldrin, dieldrin and Hyman compound 269 each gave excellent control in 
a bran-water bait under the conditions of these experiments for the cutworms mentioned. 


(4) Hyman compound 269 killed more quickly than either aldrin or dieldrin at each of 
the three concentrations used. 


(3) After a 24 hour exposure to each bait, and particularly to Hyman compound 269, 
relatively few of the cutworms were active enough to feed at that time or thereafter. 
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TRIALS OF ACARICIDES AGAINST ‘THE EUROPEAN RED MITE, 
METATETRANYCHUS ULMI (KOCH), ON APPLE’ 


[ H. R. Boyce? 


Fruit Insect Laboratory, Harrow, Ontario 


Three acaricides are recommended at the present time for the contro! G. the European red 
mite, Metatetranychus ulmi (Koch), on apple in Ontario: 1 per cent summer oil, DN-Dry 
Mix No. 1°, and parathion. 


Mary growers ciaim that the summer oil spoils the finish of the fruit and do not use it, 
although it has given effective and economical control. This material has another disadvantage 
in that DDT cannot be used with it in. direct combination. DN-Dry Mix No. 1 has too frequent- 


TY. rot given effective control and has definite phytotoxic hazards. Parathion has given very 


cirective immediate reductions of European red mite populations but its use is frequently followed 
al various intervals by increased populations. In addition, parathion is phytotoxic, particularly 
to McIntosh and related varieties of apple, is highly toxic to mammals, including man, and 
seriously reduces populations of beneficial parasites and predators in the orchard environment. 
The disadvantages of these materials are sufficient to-justify their replacement as soon as better 
cues can be demonstrated experimentally. 


1Contribution No. 2931, Division of Entomology, Science Service, Department of Agriculture, 
Ottawa, Canada. 


“Officer-in-Charge. 
"40 per cent dinitro-o-cyclohexylphenol. 
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METHODS AND MATERIALS 


Plots containing 17 to 18 trees were used in 1949, and included in each were the apple 
vaiieties Astrachar, Duchess, Jonathan, McIntosh, and Yellow Transparent. The total number 
of trees per plot was slightly reduced during 1950, ranging om 13 to: 17 trees each, Uihere 
were 4 McIntosh trees in each plot in each year. 


Weekly samples of one leaf per McIntosh tree were taken at random at shoulder height 
from each plot during 1949 and 1950. As these samples were very small, they could not be ex- 
pected to give a highly accurate measure of the mite populations in the various plots, but 
it is considered that the population trends were reasonabiy well indicated for the two seasons. 


1 1951 there were 6 McIntosh trees in each plot. Samples of 25 leaves were taken weekly 
from each of the two centre McIntosh trees in each plot. The remainder of the trees on either 
side of the record trees served as buffers to prevent contamination by drifting spray. 


In each season the sample leaves were examined microscopically and all stages of the European 
red mite except the eggs were recorded. The weekly records were averaged to give the monthly 
poptiation per leaf. 


Alj sprays were applied with a conventional power machine and hand gun. Approximately 
6 to & gallons of spray mixture were applied per tree, the trees being 9 years old in 1949, the 
higher amounts being applied later in the season when the foliage was most dense. The 
acaricides were used in combination with the insecticides and fungicides recommended for use 
on apple in Ontario. 


Specifications and sources of the materials were as follows:— 


Lthyl p-nitrophenyl thiobenzenephosphonate (EPN-300). — 27 per cent wettable powder. 
Canadian Industries Limited. 


Parathion. — Fifteen and 25 per cent wettable powders, from various sources. 


P chlorophenyl p-chlorobenzenesulphonate (C-3854 and C-1006). — Fifty per cent wettable 
powder. Dow Chemical Company, Midland, Michigan. C-1006 is said to contain a more refined 
active ingredient, and is now named Ovotran. 


P-chicrophenyl phenyi sulphone (R-242). — ‘Twenty-five per cent p-chlorophenyl phenyl 
sulphone and 15 per cent related aromatic sulphones, wettable powder. Stauffer Chemica] 
Company, Los Angeles, California. 


Emphasis was placed on the application of the acaricides early in the season for the reasons 
tollowing: (1) It seemed probable that toxic residues at harvest would be avoided, (2) better 
coverage would be obtained because of low foliage density, (3) phytotoxic effects, 1f any, were 
likely to be more pronounced, and (4) any effective reduction of the mite population when it 
was at a seasonably low level would possibly last for a long time. 


EFFECTS OF THE ACARICIDES ON THE EUROPEAN RED MITE 


1949. — Parathion, 25 per cent wettable powder, was used in the pink (May 3) and calyx 
(May 18) sprays with wettable sulphur and arsenate of lead. C-854 was used in the prepink 
(April 25) spray with bordeaux, 714-10-100, or in the second (June 11) and fourth (July 4) cover 
sprays with ferbam and arsenate of lead. 


Table I shows that parathion was very effective, even into July, but that it permitted 
or caused a rapid increase in the mite population in August. The application of C-854 in the 
prepink spray alone gave surprisingly effective contro] throughout May and June, but control 
was inadequate for the remainder of the season. The two sprays of C-854 in the second and 
fovrth covers caused a marked reduction in the Eurcpean red mite population during the latter 
part of June and this reduction was well maintained throughout July and August. 
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a aplake 2k 
EFFECTIVENESS OF ACARICIDES AGAINST THE EUROPEAN RED MITE, 
HARROW, ONT., 1949 

Pounds Average number of mites per leaf 
Acaricide per 100 gal. Spray dates May June July August 
Parathion (25%) 0.5 May 3 & 18 0.0 0.9 ou7/ 42.8 
C-85+4 (50%) 5 April 25 0.0 1.0 22.6 14.1 
C854 (50%) 2.0 June 11 & July 4 0.4 3 oe fe 

(24) 

Check — = 0.6 244 68.0 4.6 


1950. — Parathion, 15 per cent wettable powder, was applied in the pink (May 17) and calyx 
(May 29) sprays in combination with wettable sulphur and arsenate of lead. EPN-300 was used 
with wettable sulphur and arsenate of lead in the pink and calyx sprays. C-1006, with wettable 
sulphur and arsenate of lead, was applied in the calyx (May 29) and first cover (June 8) sprays. 


abies U1 
EFFECTIVENESS OF ACARICIDES AGAINST THE EUROPEAN RED MITE, 


HARROW, ONT., 1950 


Pounds Average number of mites per leaf 
Acaricide per 100 gal. Spray dates May June July August Septembe: 
Parathion (15%) 1.0 May 17 & 29 0.0 0.0 0.0 0.2 ie) 
EPN-300 (27%) 1.0 May 17 
0.5 May 29 0.0 0.2 0.0 0.2 0.7 
C-1006 (50%) 2:0 May 29°& June8 ~ 0.0 0.0 0.0 2 14 
Check = — 0.7 1.6 13.2 50.1 0.5 


Table II shows that comparable effective control of the European red mite was obtained 
throughout the 1950 season with each of the three materials. The slightly higher population 
in the C-1006 plot during August was probably a result of contamination from the adjacent 


check plot. re 
1951. — Parathion was dropped from the program to provide larger plots and to permit the 


use of C-1006 in several differing schedules. A preventive type of schedule, in part as suggested 
by the manufacturer of this material, consisted of using one-half pound per 100 gallons of spray 
mixture in the pink (May 8), calyx (May 25), and first (June 5) and second cover (June 15) 
sprays. A second modified schedule included the use of C-1006 at 1 pound per 100 gallons of 
spray mixture in the calyx and first and second cover sprays. In this series the C-1006 was used 
in combination with wettable sulphur, arsenate of lead, or DDT. Hydrated lime was used in 
the pink spray only and DDT in the two cover sprays. R-242 was included in the experiment 
for the first time, and was used at 2 pounds per 100 gallons in the calyx and first cover sprays in 
combination with wettable sulphur, arsenate of lead, or DDT. 


“After application of June spray. 
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EFFECTIVENESS OF ACARICIDES AGAINST THE EUROPEAN RED MITE, 
HARROW, ONT., 1951 


Pounds Average number of mites per leaf 

Acaricide per 100 gal. Spray dates May June July August ~ 
C-1006 (50%) 0.5 » May 8 & 25, 

June =on8 O15 0.8 0.0 0.0 13 
C-1006 (50%) 1.0 May 25 | | 

fume: Dy Seb Bes, le? 0.0 2.3 
Rear 007) 2.0 May 25 & June 5 5.2 0.2 oH) Peake Ouch 
Check r= == es) 71.3 56.1 18.6 


Table HUI shows that C-1006 in the preventive schedule beginning at the pink stage gave 
very ¢ffective contro] throughout the season. Although C-1006 used at 1 pound in three sprays 
commencing at the calyx stage gave satisfactory control, this method was more costly and not 
so eflective. R-242 gave adequate control during June and the first half of July but not for the 
remainder of the season. This experiment probably did not give an adequate measure of the 
effectiveness of R-242 as this plot was affected by movement of mites from the check plot during 
July and early August. It is probably not valid to compare the 1951 results with those of 1950, 
but Tables II and III show that C-1006 used in 1950 at 2 pounds per 100 gallons in the calyx 
and first cover sprays gave control superior to that obtained with R-242 at the same rate in these 
sprays during 1951. 


The results obtained with C-1006 in 1951 further supported the evideice of the effectiveness 
of the material for control of the European red mite on apple. It appears that it should be given 
large scale trials in commercial orchards during 1952, and could be substituted for parathion 
in the Ontario Spray Calendar for Apples. 


COMPATIBILITY AND PHYTOTOXICITY 


In the two years it was used, parathion showed no apparent incompatibility with wettable 
sulphur or arsenate of lead. The 25 per cent wettable powder used in 1949 in the pink spray 
at ouc-half pound per 100 gallons caused slight marginal burning and cupping of McIntosh 
leaves but no fruit injury. A trace of burning of foliage occurred on Yellow ‘Transparent from 
the same application. None of the other varieties in the block was injured. 


EPN-300, usec in 1950 only and then with wettable sulphur and arsenate of lead at 1 pound 
per 100 gallons in the pink spray, caused severe burning and dropping of leaves of McIntosh. 
The injury became evident four days after the spray was applied. Injury was caused to fruit 
also at this time and became most evident at harvest as a severe type of russeting. It is probable 
that this spray affected the development of fruit buds, as the four trees that were severely in- - 
jured were the only ones in the entire orchard that had few blossoms and a poor crop in 1951. 


In these experiments C-854 or C-1006 was used with various combinations of bordeaux mix- 
ture, ferbam, wettable sulphur, hydrated lime, lead arsenate, and DDT. There was no evidence 
of incompatibility with any of these materials. No evidence was obtained of phytotoxic effects 
of C-854 or C-1006 on any of the five apple varieties in the orchard, when used either in pre- 
blossom or post-blossom sprays. 


There was no apparent incompatibility of R-242 with wettable sulphur, arsenate of lead, 
or DDT, nor did this material cause any injury as it was used in 1951. 
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SUMMARY 


At Harrow, Ontario, p-chlorophenyl p-chlorobenzenesulphonate, as a 50 per cent wettable 
powder, gave consistently effective control of the European red mite on apple for three seasons, 
without introducing problems of incompatibility or phytotoxicity. As this material has low 
human toxicity it should serve as an effective and less hazardous substitute for parathion in the 
control of the European red mite in Ontario. 


Jn a trial for one season only, R-242 did not appear to give satisfactory control over a suffi- 
cient period. 


LIFE-HISTORY STUDIES OF THE CRANBERRY FRUITWORM, 
MINEOLA VACCINIT (RILEY), IN NEW BRUNSWICK 
(LEPIDOPTERA: PYRALIDAE)’ 


C. W. MAxweELi? and G. T. Morcan?® 
Fruit Insect Laboratory, Fredericton, N.B. 


INTRODUCTION 


The cranberry fruitworm, Mineola vaccinii (Riley), is a serious pest of cranberries in both 
cultivated and natural bogs in New Brunswick, 80 per cent of the crop sometimes being ruined 
in untreated areas. In some years results of field contro] tests have been iticonsistent, due partly, 
it is believed, to improper timing of the initial insecticidal application, the timing .having been 
based on the development of cranberry bloom for the cranberry growing areas of the New Enp- 
land States. To determine the proper timing, the life-history of the fruitworm in New Bruns- 
wick and its relationship to the development of the cranberry were investigated in 1950 and 
1951. Studies were ocnducted near the centre of the cranberry growing area of the province, 
at Cumberland Point, Grand Lake, Queens County. 


Smith (1884, pp. 28-29), who discovered the insect, siudied its life-history i Massachusetts. 
Riley (1884) described the insect and named it Acrobasis vaccinii. This name remained valid 
until 1890, when Huist (1890) reorganized the family, placing the species in a new genus. 
Mineola. Scammell (1917, pp. 20-22) reported that the aduits emerged in June and July and that 
the eggs were laid in the calyx cup under the lobes, or on any part of the berry. Chambers 
(1929, p. 113) reported that no satisfactory method of control of the insect had been devised. 
Ciowley (1937) recosamended that sprays for control should be applied as soon as the moths 
emerged. Franklin published a series of reports on cranberry pests, his first appearing in 1907. 
In 1948 (pp. 51-56) he stated that the egg is usually laid under one of the lobes of the blossom 
end of the berry but sometimes elsewhere on the surface. He stated further that moths are in 
flight from very late May till after mid-August. He indicated that the first application should 
be made when half the vines are past bloom. The New Jersey spray calendar (Tomlinson 
et al.) for 1951 recommended that the first application be made two weeks after mid-bloom. 


1Contribution No. 2935, Division of Entomology, Science Service, Department of Agriculture, 
Ottawa, Canada. 
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LIFE-HISTORY AND HABITS 
Methods 


Records of the emergence of adults were cptained by making daily collections from cages in 
the cranberry bog under study. The cages were four feet square and 40 inches high, the sides 
being of cotton and the tops of 18-mesh wire screen. They were placed in four rows of three 
cages per row before the appzarance of bloom. In 1951, the second season of the study, the 
cages were removed te new positions on the bog. Efforts at collecting by the use of light traps 
placed on the bog were unsuccessful, although many other species of moths were taken. 


All records of egg, larval, and cranberry development were obtained by making thrice-weekly 
examinations in the field laboratory of at least 500 blossoms or berries per examination. These 
examinations extended from the beginning of bloom to the end of fruitworm activity. 


Data for the deveiopment curves of. the cranberry (Fig. 3) were obtained by collecting daily 
samples of vines tAroughout the blooming perind and counting the number of blossom buds, 
opened blossoms, and berries in each sample. These were converted into percentages and pre- 


sented in graph form For any one date the percentages of buds, blossoms, and berries total 
i00 per cent. 


Adult 


In 1950 the emergence period extended from June 15 to July 26, 138 males and 106 femaies 
being collected, and the mean day of emergence occurred on July 9 (Fig. 1). 


In 1951, although the emergence period was over three weeks shorter, the mean day of 
emergence occurred on July 8 (Fig. 1). 
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Fig. 1. Emergence of adults of Mineola vaccinii in New Brunswick, 1950, 1951. 


Ege : 

Eggs were found ir the bog from July 2 to July 19 in 1950 (Fig. 2), and from July 3 to July 
22 in 1951. They were found typically against the inside lip of the calyx cup of the newly formed 
berry and only after the petals had fallen. Eggs were ulso present on the leaves, stipules, and 
bracts at the base of the berry stem. In no case was more than one ege found on one berry. 
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When laid the egg is a soft, ovoid, and a!most transparent droplet, which conforms te the 
shape of the material on which it is laid. In a few hours the egg gels slightly, becoming more 
opaque, and after a day turns a light brown coijour. By the fourth day the colour has darkened 
and the larva may be seen through the chorion. The egg hatches on the sixth day; however. 


eggs parasitized by Phanerotoma franklim Gahan take up to eight days to incubate. 


Larva 

In hatching, the larva typically eats its way out of the side of the egg shell and bores im- 
mediately into the seed chamber of the berry, the whole process requiring only a few minutes. 
The newly hatched larva is about 0.2mm. long and slightly yellow in colour, without markings; 
later instars vary from greenish to reddish, the head capsules being amber. After eating one or 
two seeds, the larva moults within the berry; in the second instar it leaves the berry, making 2 
new exit hole, and erters another berry by tunnelling into the side. After making an entrance 
it weaves a silken plug or curtain over the hole. The larva continues to feed in the berry until 
it moults into the third instar. It now eats its way out of the berry and enters a third, making 
its entrance in the same manner as for the second instar. In the fourth and succeeding instars 
one or more berries may be attacked, no attetipt being made to close the entrance hole. In the 
sixth instar the larva feeds for a short time — less than a week — then drops to the ground and 
. spins a silken hibernaculum, in the construction of which sand and debris adhere to the outside, 
eiving it the appearance of a small lump of sand. THe larva remains in the hibernaculum until 
the latter part of May of the following year, when putation occurs. Fig. 2 shows the periods 
during which the stages of the insect are found. 


At the time of attack by first- and second-instar larvae, injury to the fruit is almost in- 
discernible. Howeve~, later in the season injured berries turn red prematurely. Often in later 
instars the larva devours the pulp of the berry, leaving only the skin, which later collapses and 
turns brown. The injury caused to ripened berries late in the season is often indicated only 
by the entrance hole 


Parasites 


Along with the moths in the cages, adults of Phanerotoma franklint Gahan, a cranberry fruit- 
woim parasite, were coilected in significant numbers, Several specimens of the parasite Cryptus 
albitarsis albitarsis (Cyess.) were reared from overwintering larvae. 


ia eca a 


DATA ON THE LARVAL INSTARS OF MINEOLA VACCINIT IN NEW BRUNSWICK, 1950 


Estimated 


Head capsule Occurrence percentage 
(mm.) duration of blossoms 
Instar average range range, days mean day days past 
is 0.18 Ob 0.24 14 July 16 ] 80 
I] 0.43 OSU a 14 July 17 5 80 
II 0.63 6.54—0.73 20 July 22 g 95 
IV 0.56 0.78—0.97 aT: july 31 9 100 
Vv 1.08 1.02—1.26 26 PUe 9 16 
VI 137 a= IG 15 Aug. 25 5 


(plus hibernation) 


RELATION OF FRUITWORM (LIFE-HISTORY AND CRANBERRY DEVELOPMENT 


The mean day cf adult emergence followed close upon the peak of bloom (Fig. 3). Eggs 
were first found when the number of blossom buds eqitalled the number of opened blossoms. 
This marked the begining of blossom fall, or the appearance of set fruit (Fig. 3). The in- 
cubation period of the egg extended six days, larvae first being found on July 10 in 1950 
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Fig. 2. Durations of stazes of Mf. vaccinil, 1950. 


(Fig. 2) and in 1951. Two or three days after the peak of bloom and the mean day of adult 
emergence the remaining few blossoms buds had come into bloom and the number of berries 
equalled the number oz blossoms (Fig. 3). ‘The mean day of abundance of newly hatched larvae 
occurred about five days after 50 per cent of the berries had formed and was closely followed 
by the mean day of abundance for the second-instar larvae, the duration of the first instar being 
only one day. The mean day of abundance for the third instar occurred just before the end 
of bloom. Sixth-instar larvae appeared in mid-August ard by harvest time had left the fruit 
to hibernate (Fig. 2). 
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Yig. 3. Relation of moth emergence to cranberry development. For any date the percentages of 
lossom buds, blossoms, and berries total 100. 
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It seems therefore that the initial insecticide application should be made as soon as the 
first eges have hatched, that is, immediately after the peak of bloom, or when the last of the 
biossom buds have come into bloom. 


SUMMARY 


Daily records of emergence of adults of Mineola vaccinii (Riley) in New Brunswick in 1950 
and 1951 indicated that the mean day occurred on July 8 or July 9. Comparison of data on the 
life-history with those on cranberry development indicated that the initial application for 
control should be made immediately after the peak of blossoming, when the first eggs 
of the insect have hatched. 
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THE OVERWINTERING HABITS OF THE STRAWBERRY WEEVIL, 
ANTHONOMUS SIGNATUS SAY (COLEOPTERA: CURCULIONIDAE), 
IN NEW BRUNSWICK’* 


C. W. B. MAxweELv? 
Fruit Insect Laboratory, Fredericton, N.B. 


A number of authors have stated that the strawberry weevil, Anthonomus signatus Say, passes 
the winter in thickets, woodlands, fence rows, and other sheltered places. For example, Marco- 
vitch (1922) wrote that in Tennessee the weevils hibernate in woods and thickets and that 
strawberries should not ‘be planted next to them. Marlatt (1928, p. 21) reported that the weevils 


& 
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feed on wild plants but that as soon as strawberry buds appear they move from the woodlands 
to strawberry fields. Stearns (1937, pp. 120-121) stated that over 90 per cent of the weevils 
overwinter in sheltered situations within 100 feet of the strawberry plantations, and recom- 
mended burning over their hibernation quarters. 


HIBERNATION OF WEEVILS IN RASPBERRY PLANTATIONS 


Four commercial raspberry plantations, known to be infested with the strawberry weevil 
during the bud-cutting period, were examined in the fall of 1941, when they had a fairly deep 
covering of fallen raspberry and other leaves. Searches made of this debris and also of the floor 
of adjacent evergreen woods did not reveal any weevils, but later in the fall, when carefully 
collected debris from the plantations was placed over screens in temperature cabinets at 80° F. 
weevils were found in large numbers, with an average of 50 and a maximum of 187 per bushel 
of debris. The extent to which the weevils may winter beneath the surface of the soil was not 
determined, but debris frozen to the surface and including about half an inch of the soil yielded 
approximately as many weevils as were found in the debris alone. More weevils were taken in 
debris that was wet and settled than in dry, loose material. It was found that the debris must 
be collected with as little disturbance as possible, few weevils being found when it was raked 
into piles or pulled from: among weeds. 

In the following spring weevils were again collected from the debris in considerable numbers. 


During the bud-cutting period in 1942 a wire screen cage was built around a group of canes 
in one of the plantations. ‘The following year, injury was as heavy within the cage as in other 
parts of the plantation. 


Two of the plantations were surrounded by open fields whereas the other two were adjacent 
to evergreen woods; there was no indication that the proximity to woodlots had any effect on 
weevil abundance. 


OVERWINTERING OF WEEVILS. IN STRAWBERRY PLANTATIONS 


Attempts to collect the weevil from strawberry plantations in the fall by the method used 
in the raspberry plantations were not successful, because the debris could not be 1emoved 
without too much disturbance. Neither were any weevils found by careful examination of sods 
of strawberry plants removed from the rows. 


In early spring two cages, each 10 feet long, 8 feet wide, and 9 inches high and covered 
with black paper, were placed in the plantation where the sod had been examined the previous 
fall. Shortly before feeding activity was noticed on the plants, weevils began to appear in glass 
vials inserted in the cages, and continued to do so for about a month. In similar cages placed 
much later in the season in a number of plantations, weevils did not appear in the vials. How- 
ever, in the following spring weevils appeared in numbers in a few cages left in position during 
the winter. Only three or four weevils were collected in weekly sweepings made in various 
plantations during the summer. Wire screen painted with diluted Tanglefoot, which was re- 
newed regularly, was suspended across the rows in a heavily infested plantation, but few or no 
weevils were collected on it after the bud-cutting period. 


Over a ten-year period beginning in 1942, two cotton-topped cages were placed each week 
during the summer and fall in each of two strawberry plantations from which one crop had 
been picked. Early in the spring they were covered with black building paper and glass vials 
were inserted in the sides. Weevils were removed from the vials daily during the emergence 
period. The numbers collected are given in Table 1. The most significant part of the data is 
the relative constancy of the average number of weevils collected per cage, irrespective of the 
time when they were placed in the plantations, this value varying from 5.3 to 6.5. These results 
show that the weevils are practically inactive from July through October, and that little or 
no movement from or to the plantations occurs during this time. 
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OCCURRENCE OF WEEVILS IN AREAS ADJACENT TO STRAWBERRY PLANTATIONS 


During the early years of the study, searches were made for weevils among bushes along 
property lines adjacent to plantations and in nearby coniferous and deciduous woods and 
neglected orchards. No evidence of the weevil was found except an occasional cut bud on 
wild strawberries or raspberries. Numbers of cages were placed in these areas before the spring 
emergence of the weevils, but no weevils were found except a few in a cage among wild rasp- 


berries. 


FACTORS AFFECTING WINTER SURVIVAL IN THE PLANTATIONS 


Surveys have shown that successful hibernation in the plantations depends on the presence 
of suitable cover, which may be of various forms. More weevil injury usually occurs in the most 
vigorous plantations that have suffered little from winter injury than in weakly-growing plan- 
tations planted in areas exposed to winter conditions. Weevil damage is also more prevalent 
where the plants were well protected by straw. Snow cover is very important; weevil injury 
terids to be most severe in plantations or parts of plantations where the snow was deepest the 
previous winter. As snowdrifts accumulate near fence rows, woods, and other shelter, straw- 


berries in such situations suffer most from weevil attack. 


After harvesting one crop many growers in New Brunswick burn over their plantations early 
in the following spring. ‘That this practice has no apparent effect on the weevils was illustrated 
at various times by the collections of approximately equal numbers of weevils in cages placed 


on burned and unburned parts of the plantations. 


Tests were conducted to determine whether ploughing a plantation would eliminate it as 
a source of infestation. Parts of plantations were ploughed and harrowed once, and cages im- 
mediately placed on both the ploughed and ‘he unploughed areas. The following spring weevils 


were collected only from the cages on the unploughed land. 


SUMMARY 


In New Brunswick the strawberry weevil hibernates largely within strawberry and raspberry 
plantations, and not, as usually stated, in surrounding areas. After reaching maturity the adults 
remain relatively inactive until the following spring. Successful hibernation is dependent on 
adequate cover, furnished by vigourous plant growth, straw, or snow. Burning of strawberry 
plantations in early spring has little or no eifect in reducing the number of weevils and asso- 


ciated injury. The weevils do not survive when. plantations are ploughed. 
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CHEMICAL CONTROL OF THE CURRANT FRUIT FLY, 
ELOCHRA GANADENSIS\ LOEW, (DIPTERA: FRUPANEIDAE), 
IN MANITOBA* 


H. P. RicHARDsON?, A. G. ROBINSON?, and W. R. ALLEN? 


INTRODUCTION 


The currant fruit fly, Epochra canadensis Loew, is a serious pest of currants and gooseberries. 
In Manitoba annual losses have discouraged the growing of these fruits and have caused growers 
to uproot established plantings. 


‘Experiments on the control of the currant fruit fly have been conducted in Manitoba since 
1943. Bird (1946) recommended the use of cryolite and molasses; Allen and Bird (1948) again 
recommended cryolite and molasses and tentatively recommended DDT. Andison et al. (1951) 
recommended DDT only. Recent experiments have shown that methoxychlor is as effective 
as DDT. 


The results presented in this paper were obtained from a laboratory experiment conducted 
in 1946 and from field experiments conducted in 1947, 1950, and 1951. 


LABORATORY EXPERIMENT 


In 1946, an experiment was conducted in the insectary at Morden on the residual toxicity 
of DDT sprays applied at various concentrations to currant to control the adult. 


Materials and Methods 
Plots consisted of single bushes ef red currant. here were 3 series, each consisting of 5 plots 
triplicated. 


Series | received | application; Series 2, 2 applications; and Series 5,3 applications of DD'T 
at weckly intervals. The DDT was applied in sprays containing 14, 4, 4, 1 and 2 Ib. of actual 
toxicant in 100 gal. of water to the 5 plots, respectively, of each series. 


The flies were reared from puparia sifted from the soil in the spring and kept in a constant 
temperature room at 50° F. and 90 per cent relative humidity. At this temperature the normal 
emeigence period was lengthened by 2 weeks. 


Two currant shoots were taken from each plot of each series 1 week after spraying. The 
stems of each pair of shoots were inserted into a vial of water and placed in a pyramidal 14-mesh 
wire screen cage together with 10 flies and a vial containing a food mixture of honey, yeast, and 
water. The number of dead flies was recorded daily for 1 week. The test, whenever sufficient 
flies were available, was repeated 2 and 3 weeks after spraying. 


Results and Discussion 


Table I shows that the DDT residue from 1, 2, or 3 applications at 1 and 1% lb. gave a com- 
paratively low average mortality, not exceeding 50 per cent. The 14-lb. rate was somewhat better 
and the 1-lb. and 2-lb. rates were good, there being a positive relationship between mortality 
and concentration throughout the range tested. The efficiency of the higher concentrations was 
increased by an increase in number of applications. The toxicity persisted for at least 3 weeks 
after application. 


1Contribution No. 2950, Division of Entomology, Science Service, Department of Agriculture, 
Cttawa, Canada. 
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Tr abie 


MORTALITIES OF CAGED ADULTS OF THE CURRANT FRUIT FLY 
EXPOSED TO DDT-SPRAYED FOLIAGE FOR 7 DAYS 


1946 
No. weeks No. insects Percentage mortalily 
No. after final tested per DDT, lb. actual per 100 gal. 
applications application concentration VA 4 VY Loe Check 
1 i 30 33 43 43 66 83 13 
1 2 30 20 30 33 40 70 13 
] 3 10 20 40 50 70 70 0 
2 1 50 30 43 56 73 96 26 
2 2 10 10 50 100 100 100 20 
3 ] 10 30 50° 100 1100" 108 20 


FIELD EXPERIMENTS 


Materials and Methods 


Investigations have shown that consistent experimental results may be obtained only where 
currant and gooseberry plots are sufficiently isolated to minimize the effect of the movement of 
the flies. In 1947, 1950, and 1951 the plots were at least a mile apart, in private plantings, and 
there were no other plantings within 1 mile of each; a planting comprised one plot. The plots 
were duplicated. 


In 1947, 2 DDT treatments were used. One treatment consisted of DDT at 1% Ib. of actual 
toxicant per 100 gal. of water applied at cessation of bloom, and again 4 and 11 days later. In 
the other treatment. DDT was applied at the same rate 4 and 11 days after bloom. 


In 1950, 2 treatments of DDT and 1 treatment of methoxychlor were compared. Treatment 
1 consisted of 2 Ib. of actual DDT per 100 gal. of water applied just before the flowers buds 
opened and two post-blossom sprays of 14 Ib. of actual DDT per 100 gal. of water. Treatment 2 
consisted of DDT, and treatment 5 of methoxychlor, applied at 14 lb. of actual toxicant per 
100 gal. of water in 2 post-blossom applications. In all 3 treatments the post-blossom sprays 


were applied when 80 per cent of the fruit had set and again 8 or 10 days later. 


In 1951, DDT and methoxychlor were again compared by repeating treatments 2 and 3 
of 1950. 


A 3-gal. compressed air sprayer was used to apply sprays, which were made from 50 per cent 
\ 
wettable powders. 


Sampling and Rearing. — In 1947, haif a pint of fruit was picked at random from each plot 
on each of 3 dates 10 days apart. In 1950 and 1951, one pint was picked at random from each 
plot on. each of 3 dates 7 days apart. In each year the first sample was taken 8 to 12 days after 
the last post-blossom spray. 3 


The rearing methods in 1947 were different from those in 1950 and 1951. In 1947 the sample 
was placed in either a 6-mesh wire basket or an 8-mesh cloth bag and suspended in a pint-sized 
waxed paper carton. This method provided conditions conducive to growth of mould. In 1950 
and 1951 the berries were spread out on a 6-mesh wire screen over a large empty clay pot. 


The larvae emerged from the fruit and fell to the bottom of the container, where they 
formed puparia. The percentage infestation was determined by 


Total no. of puparia “ae 
Total no. of berries $ ; : 
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Results and Discussion 


Table II shows that either 2 or 3 post-blossom applications of DDT at 1% tb. per 100 gal. 
of water reduced the infestation on red currant and gooseberry; and that the first post-blossom 
treatment, at 14 lb., did not appear to enhance control. A third post-blossom spray may increase 
the DDT residue on the harvested fruit to or near 7 p.p.m. (Allen. ef al., 1950). 


Table I 


RESULTS OF THE APPLICATION OF DDT SPRAYS 
TO CONTROL THE CURRANT FRUIT FLY IN 1947 


Ramfall Total puparia 


first spray from three 

Fruit No. sprays to harvest ly pint Percentage 
(post-blossom) (inches) samples infestation 

Red currant 3 4.68 10 0.5 

| 3 4.68 9 0.5 

2 ke 5 0.3 

Check 4.68 249 13.6 

Gooseberry 3 4.68 10 3.0 

3 a-OD as 7 20) 


@heck 949 — 65 99.2 


Table If shows that 2 post-blossom DDI applications, with or without a pre-blossom DDT 
spray, reduced the infestation on red currant. The pre-blossom spray, even at 2 lb. of DDT 
in 100 gal. of water, did not appear to enhance control. ‘The 2 post-blossom applications of 
methoxychlor gave results comparable to those of DDT. 


‘Table Ill 


RESULTS OF APPLICATION OF DDT AND METHOXYCHLOR 
TO RED CURRANT TO CONTROL THE CURRANT FRUIT FLY IN 1950* 


Total puparia 


Insecticide No. of sprays from three Percentage 

Pre-blossom Post-blossom l-pint samples infestation 
Treatment | 200 6.6 
DDsE I Zi 305 8.8 
‘Treatment 2 ot 7ee| 
DD 2 131 3D 
Treatment 3 198 Dee) 
Methoxychlor Zz 86 ling: 
Check 708 26.9 
Check 612 14.2 


*Rainfall from first spray to harvest was 8.36 inches. 
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- Table IV shows that 2 post-blossom sprays of either DDT or methoxychlor reduced the in- 
festation on red currant. 


Table IV 


RESULT'’s OF APPLICATION OF DDT AND METHOXYCHLOR 
TO RED CURRANT TO CONTROL THE CURRANT FRUIT FLY IN 1951* 


Insecticide No. of post-blossom from three Percentage 
sprays l-pint samples infestation 
het Total puparia 


Treatment | DANS 9.7 
DDT 2 : 119 4.8 
Treatment 2 2 0.9 
Methoxychlor 2 43 Lay 
Check 1,517 48.8 
Check 1,671 60.0 


Tables I, U1, WI, and IV show that 2 post-blossom applications of a spray containing 1% Ib. 
of actual DDT in 100 gal. of water, applied till the foliage drips, will effectively control the 
adult of the currant fruit fly in cages and in the field. This treatment has been. recommended. 
The first spray is applied when 80 per cent of the fruit has set and the second 10 days later 
(Allen and Bird, 1948; Andison et al., 1951). 


Tables IIf and IV show that methoxychlor used in 2 post-blossom applications of a spray 
containing 14 lb. in 100 gal. of water is equally effective. 


Rainfall did not appear to reduce the efficacy of the DD'T residue. 


The application of DDT or methoxyclor sprays to currant and gooseberry for the control 
of the currant fruit fly has resulted in an increase of mites, Eotetranychus spp., and the diseases 
anthracnose and mildew. The combined effects of the mites and diseases caused severe de- 
foliation on some of the plots. This problem is being investigated. 


SUMMARY 


1. A laboratory experiment on the control of the currant fruit fly, Epochra canadensis Loew, 
showed that a single appiication of DDT at 14 or % Ib. of actual toxicant per 100 gal. of water 
was inadequate. 


2. A pre-blossom application of as much as 2 lb. of actual DDT per 100 gal. of water did 
not improve the control. 


3) 


3. The DDT residue remained effective on the foliage for 2 to 3 weeks after application. 
Rainfall apparently had no effect on control by spray residues. 


4 Two post-blossom applications at 14 lb. of DDT or of methoxychlor per 100 gal. of water, 
applied to point of run-off, will effectively control the adults. 


5. The application of DDT or methoxychlor sprays to currant and gooseberry has been 
followed by an increase in mites, anthracnose, and mildew, the combined effect being extensive 
defoliation. 


*Rainfall from first spray to harvest was 1.54 inches. 
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ANNOTATED LIST OF PREDATORS OF TETRANYCHID MITES 
IN MANITOBA’ 


A. G. ROBINSON? 


Fruit Insect Laboratory 
Vineland Station, Ontario 


The author studied predators of tetranychid mites in 1950 and 1951 at Brandon and Morden. 
Before this study there was no detailed information concerning either the species of mites present 
in Manitoba or their predators. Infestations of mites are occasionally a problem on small fruits 
such as currant and raspberry, and on ornamental trees, shrubs, and flowers. Because large-scale 
chemical control, similar to that in commercial orchards elsewhere in Canada, has not been 
necessary in Manitoba, an opportunity was presented to study the mites and their predators 
in an environment free from the disturbing effects of a spray program. 


Three species of Tetranychidae were found. On the basis of collection records, the pre- 
dominant mite species is Eotetranychus mecdanieli (McG.) [Tetranychus mcdanieli McG.]. 
E. mcdanieli was found on 22 different host plants, both wild and cultivated trees, shrubs, and 
flowers. A second species, collected on apple at Morden, is Eoleiranychus pacificus (McG.) 
[Tetranychus pacificus McG.]. The clover mite, Bryobia praetiosa Koch, on rare occasions 
attracts attention by invading a house. 


Except Hyaliodes vitripennis (Say), all predators were either reared or collected by the writer. 
They were reared in small glass shell vials, stoppered with moistened absorbent cotton. This 
method was satisfactory for all predaters except the Syrphidae and the Neuroptera. 


The Acarina were determined by Dr. H. H. J. Nesbitt, Carleton Coilege, Ottawa, and the 
Thysanoptera by Miss Kellie O'Neill, Bureau of Entomology and Plant Quarantine, Washington, 
D.C. Determinations were made by officers of the Division of Entomology, Ottawa, as follows: 
Coleoptera, Mr. W. J. Brown; Hemiptera, Dr. B. P. Beirne; Neuroptera, Dr. E. G. Munroe; 
Diptera, Messrs. J. F. McAlpine and J. R. Vockeroth. 


COLEOPTERA 
COCCINELLIDAE 
l. Stethorus punctum (Lec.) 3 


Adults, pupae, larvae, and eges found on mite-infested leaves, Brandon and Morden, 
W949, 1950, 1951). 


Contribution No. 3008, Division of Entomology, Science Service, Department of Agriculture, 
Ottawa, Canada. 


2Technical Officer; formerly of the Fruit Insect Laboratory, Brandon, Manitoba, 
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Adults overwinter in trash cover or other protected habitats, and emerge in May. ‘There are 
at least two generations per year, and because of the long life of some adults there is much — 
overlapping of generations. Oviposition ceases about September 1, but larvae, pupae, and 
adults can be found as long as the host mites are available (in 1951 until September 22). 


Both adults and larvae are predacious on all stages of the mites. This svecies is probably 
the most important predator of mites in Manitoba. Known predators of larvae of S. punctum 
are Orius insidiosus (Say), Anthocoris musculus (Say), and larvae of Chrysopa spp. 


2. Adalia bipunctata (L.) 
Adults and first-instar larvae occasionally found feeding on mites, Brandon and Morden, 
950; at oole 


Larvae could not be reared on mites. Various species of aphids are the main, food of this 
species, and the number of mites destroyed by it is very small. This is probably true of several 
other large lady beetles. All the Coccinellidae noted by Lord (1949) as feeding on the European 
red mite are present in Manitoba. 


PHALACRIDAE 
3. Siilbus probatus Casey 


One larva found on, a mite-infested leaf, Brandon, une: 25 4S5 ie 


This was the only larva of this species found during the study. It was given fresh mites 
daily, and was observed feeding on the nymphs and adults. The larva pupated on July 6, and 
the adult emerged on July 10. This is believed to be a new record for food habits of the larvae 
of this species. 


HEMIPTERA 
ANTHOCORIDAE 


4. Orius insidiosus (Say) 


Nymphs and adults present on mite-infested leaves late May to early September, Brandon 
and Morden, 1950, 1951. 


Both nymphs and adults are predacious on mites. ‘This species is the most abundant of the 
predacious bugs in Manitoba. Nymphs were easily reared to adults on mites, but under natural 
I g ymp y ) 
conditions this predator is probably a general feeder. 


5. Anthocoris musculus (Say) 


Nymphs and adults present on mite-infested leaves June to early September, Brandon and 
Morden, 1950, 1951. 


Both nymphs and adults are predacious on mites. Nymphs were easily reared to adults on 
-mites, but under natural conditions this predator is probably a general feeder. 


MIRIDAE 
6. Diaphnidia pellucida Uhl. 


Nyniphs and adults found on mite-infested leaves, July and August, Brandon and Morden, 
1950, 1951. 


Both nymphs and adults are predacious, and nymphs were reared to adults on mites. 


7. Hyaliodes harti Knight 


Adults collected on mite-infested leaves, August, Brandon, 1950, 1951. Recorded by Lord 
(1949) as a predator of the European red mite. 
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8. Hyaltodes vitripennis (Say) 


One specimen collected at Aweme, Sept. 4, 1929, and now in the collection at the Field Crop 
Insect Laboratory, Brandon. Recorded by Gilliatt (1935) as a predator of the European red mite. 


9. Plagiognathus obscurus (Uhl.) 
Adults collected on mite-infested leaves, June, July, and August, Brandon, 1950, 1951. Re- 
_corded by Gilliatt (1935) as a predator of the European red mite. 


NABIDAE 
10. Nabis ferus (L.) 


Nymplis and adults collected on mite-infested leaves, August, Brandon, 1951. 


Both nymphs and adults are predacious. Nymphs were reared to adults on mites. This 
species is better known as a predator on larger noxious insects in orchards and vegetable gardens. 
As far as is known, it has not previously been recorded as a predator of tetranychid mites. 


THYSANOPTERA 
PHLAEOTHRIPIDAE 
ll. Haplothrips faurei Hood 


Nymphs and adults present on mite-infested leaves, May to September, Brandon and 
Morden, 1950, 1951. 


Nymphs were reared to adults on mites. This is an important predator, very abundant, and 
present throughout the season. 


THRIPIDAE 


12. Scolothrips sexmaculatus (Perg.) 


Nymphs and adults present on mite-infested leaves, May to September, Brandon and 
Morden, 1950, 1951. 


Nymphs were reared to adults on mites. This is an important predator, though not so 
commonly found as H. faurez. It is present throughout the season, but is most abundant during 
July and August. 


AELOTHRIPIDAE 


13. Aelothrips melaleucus Hal. 


One specimen collected on mite-infested leaves, August, Morden, 1950. Recorded by Putman 
(1942) as a predator of mites. 


DIPTERA 


CECIDOMYIIDAE 
14. Feliiella sp. 


Adults, pupae, larvae, and eggs found on mite-infested leaves, May to September, Brandon, 
1950, 1951. Predacious cecidomyiid maggots from Morden, though not reared, are probably of 
the same species. 


The larva is an important predator; observations indicate that tetranychid eges, nymphs 
and adults, are its sole source of feed. The durations of both egg and larval stages are exceed- 
ingly short, about 3 and 6 days, respectively. The last-instar maggot spins a whitish, silken 
cocoon on the undersurface of the leaf, usually at the junction of two leaf veins. The average 
duration of the pupal stage for 28 pupae reared in the laboratory at 80° F. was 5.7 days. At the 
end of the pupal period, the pupa emerges from the cocoon. ‘The pupal skin is shed, and re- 
mains on the leaf near the empty cocoon after the adult has emerged. Because of the very rapid 
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development and of the presence of this predator during the entire season, there may be several 
generations per year. It is believed to over-winter as a pupa in the cocoon. The known habits 
of this species are. similar to those given by McGregor and McDonough C3) 7) for two pre- 
dacious species of Cecidomyiidae. 


» 


SYRPHIDAE 
15. Toxomerus geminatus (Say) 


(Larvae present on mite-infested leaves, July and August, Brandon, 1950, 1951. 


At least two species ot predacious syrphids were noted feeding on mites. The larvae appear 
to prefer aphids, but will readily devour any mites encountered. Cotton-stoppered vials were 
unsuitable for rearing the larvae. One adult of the above species was obtained by rearing, the 
iatva pupating on July 26, and. the adult emerging on July 31. 


NEUROPTERA | 


Chryscpid eggs were often found attached to mite-infested leaves or nearby twigs. Several 
species of chrysopid or hemerobiid larvae were found, but none in large numbers, The few 
larvae that were fed on mites were voracious feeders. Attempts to rear them to adult form in 
cotton-stoppered vials were unsuccessful. The following species were collected as adults by 
sweeping mite-infested currant bushes. 


CHRYSOPIDAE 
16. Chrysopa plorabunda, var. californica Coq. 


Aduits collected, August, Brandon and Morden, 1951. 


17. Chrysopa harrisii, var. externa Hag. 


One adult collected, August, Brandon, 1951. 


18. Chrysopa chi Fitch 


Adults collected, August, Brandon and Morden, 1951. Apparently the most abundant species 
oi Chrysopa in southern Manitoba. 


HEMEROBIIDAE 
19. IZemerobius simulans Wik. 
One adult collected, Augusi, Brandon, 1951. 


20. Hemerobius stigmaterus Fitch 


Adults collected, August, Brandon, 1951. 


ACARINA 
LAELAPTIDAE 
21. Typhlodromus fallacis (Garm.) 


Adults, nymphs, and eggs present on mite-infested leaves, early May to September, Brandon, 
1950, 1951. e 


Both nymphs and adults are predacious on all forms of the host mites. This predator is 
most abundant from early May to late June, and during that time, in both 1950 and 1951, it 
almost completely destroyed infestations of L. mcdanieli in two plantings in Brandon. After 
June T. fallacis appears to be present in reduced numbers, but is still of sufficient importance 
that it is second only to S. punctum in value as a predator. 
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22. Typhlodromus longipilus Nes. 


Adults, nymphs, and eggs present on mite-infested leaves, August, Morden, 1951. 


-ANYSTIDAE 
23. Anystis agilis Banks 
Adults present on mite-infested leaves, July and August, Brandon and Morden, 1950, 1951. 


This predator readily feeds on the host mites when confined with them in rearing con- 
tainers. In the field it is abundant for a short period during the hottest part of the seasom. 
The adults are very active, and appear to wander aimlessly over large areas of plant growth in 
their search for food. 
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STUDIES ON THE TOXICITY OF WARBLE SPRAY MIXTURES 
TO CATTLE, SHEEP AND SWINE 


AL A. Kincscore’, A. W. BAKER’, J. K. McGrecor’ and S. E. Dixon’. 


INTRODUCTION 


The Ontario Warble Fly Committee, from the commencement of its activities in 1947, has 
been. confronted annually with decisions to make regarding causes of occasional deaths in herds 
of cattle coincident with, or shortly after warble treatments. Such problems arise when owners 
feel they have justification for making claims for losses against the township councils or insurance 
companies involved. The fact is overlooked that sickness, abortions and deaths are bound 
to occur amongst a population of hundreds of thousands of animals, regardless of a warble fly 
control programme. 


In making decisions on the causes of casualties coincident with treatment, pathologists have 
had no definite guide such as specific lesions or methods of analysis which would indicate ro- 
tenone poisoning. The policy has been, in conducting most investigations, to search fo: other 
causes of death, such as bacterial infections or specific lesions of common diseases and thus to 
rule out the likelihood of rotenone being the primary cause or factor. ‘Unfortunately, days and 
sometimes weeks elapse before individual cases are brought to the attention of pathologists, who, 
under such circumstances cannot conduct satisfactory autopsies. 


In the spring of 1950, three reports were received regarding pigs becoming ill or dying fol- 
lowing the spraying of cattle on the same premises. In the initial instance swine were reported 
to have quenched their thirst on spray that had run off the backs of cattle and had formed 


1PDepartment of Parasitology, Ontario Veterinary College, Guelph, Ontario. 
2Department of Entomology & Zoology, Ontario Agricultural College, Guelph, Ontario. 
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shallow puddles in the gutters or on the barn floors. In the second case, where casualties occurred, — 
the mechanical water supply system was reported to have become contaminated with spray in 
the cattle section of the barn and thence to have been carried to the pig pens. In the third 
instance a pail of spray material was mistaken for swill and actually fed to the pigs. As the 
evidence in two cases at least was entirely circumstantial a test was conducted to obtain data 
as to whether or not the warble spray mixture was actually toxic to pigs. “wo healthy animals 
weighing approximately 75 pounds each were given three htres of standard spray mixture in 
a trough. ‘They drank freely of the mixture and died within fifteen minutes. “This observation 
suggested that rotenone might be more toxic to pigs and possibly ruminants than was generally 
accepted to be the case. In the past derris and cubé powders have been looked on by many 
as relatively innocuous when taken by mouth. Under the circumstances the committee deemed 
it advisable to investigate furthes the possibilities of toxicity, particularly in view of ihe fact 
that over 500,000 treatments were being applied annually to cattle in Ontario. 


She active principle of warble spray and hand dressing mixtures is 5°% rotenone or its 
equivalent in derris or cubé powder. For the spray method of treaiment 714 Ibs. of derris or 
cubé are mixed in 80 Imperial gallons of water. Wettable sulphur is sometimes included. Sprays 
are applied at 400 lbs. pressure, one half to one gallon is used on each animal treated. The 
concentrated hand dressing mixture, 1 Ib. of the powder to | Imperial gallon of water, is applied 
with scrubbing brushes in sufficient quantities to thoroughly wet the backs of the cattle re- 
ceiving treatment. 


METHODS AND MATERIALS 
Experimental Animals 


Cattle used in the main experiments, in 195i, were seven grade animals including a heifer, 
steer, and five cows, one of which was pregnant. The weights of these animals ranged from 
341 to 723 Ibs. One pure bred Holstein cow and her newly born calf were used also. All 
animals, except the calf. were kept under observation for two weeks before being treated to ensure 
that they were in normal health. Swine used were twenty-three pure bred Yorkshire pigs. 
Suckling pigs: treated ranged in weight from 18 to 30 Ibs. and weaned pigs from 68 to 105 Ibs. 
A test was conducted on only one adult ewe to obtain an indication of the possible effects of 
rotenone on sheep. All pigs, save a few showing early evidence of rhinitis and the ewe appeared 
in normal health prior to treatments. Controis were used for all tests and consisted of animals 
on the same premises in similar environment and on identical diets. 


= 


Rotenone Preparations 


The preparations used in all the experiments reported were (i) a standard commercial warble 
spray powder mixture, containing wetiable sulphur; and, (ii) cubé powder alone as used in (i). 
Both preparations were obtained freshly from the manufacturers. | 


Independent analyses revealed that the spray mixture contained 3.8 per cent and the cubé 
powder 4.5 per cent rotenone. 


Results in this paper are based on rotenone content as a level of determination. It is re- 
cognized however that toxicity of cubé may be due, in part, to other rotenoids. 


Methods of Administration 


Animals were administered internally suspensions of warble spray powder or cubé in water 
or milk either by allowing them to drink ad libitum, or by means of stomach tubes. 


External application of sprays upon animals or their food was applied with standard spray- 
ing equipment at 400 Ibs. pressure through a No. 5 disc. 
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EXPERIMENT NO. 1 (Cattle) 
(See Table I for summary of results.) 


This experiment was designed to ascertain what quantities, if any, of standard spray mixture 
thirsty cattle would consume voluntarily. At the same time it was anticipated that an indication 
would be obtained of the probable toxic dose of spray mixture when taken internally. 


Results 


(a) Cattle deprived of water overnight drank standard spray mixture ad libitum in varying 
quantities and survived. 


(b) An individual animal (No. 1) survived the drinking of 19 litves (4.0 gallons) (rotenone 
20 mg./kg.) standard spray mixture in a period of 24 hours, without showing ill effects other 
than that of inappetence for the following 48 hours. 


(c) The same animal survived the drinking of 33 litres (7.26 gallons) (rotenone 34 mg/kg.) 
consumed in the period of one week. 


Conclusions 
It is concluded, on the basis of the limited numbers of anima!s used, that:— 


(a) Cattle will not exhibit symptoms of poisoning other than iliappetence with quantities 
of spray mixture with a rotenone content of 20 mg./kg. if taken over a period of 24 hours 
or longer. 


(b) Cattle are not likely to drink fatal deses of standard sp:ay mixture under the usual 
conditions of spraying. 


TABLE [ 


RESULTS OF ADMINISTERING STANDARIT SPRAY MIXTURE TO CATTLE IN DAILY 
OR FREQUENTLY: REPEATED DOSES FOR A PERIOD OF ONE WEEK 


Ex pert- Dosage 
mental Standard Dosage 
Animal Body Spray mg./Rg. 
Number Weight Mixture Rotenone Effect Remarks 
3 723 Ibs. 14 litres 115). SS Survived 2 litres (2 mg./kg.) 
(328 keg.) (3.08 gallons) daily for 7 days. 
2 760 Ibs. 28 litres Zoe Survived 4 litres (4 mg./ke.) 
(345 kg.) « (6.16 gallons) daily for 7 days. 
1 750 Ibs. 33 litres 34x Survived Ad libitum in / 


x Recorded to nearest whole number mg. 


(340 ke.) (7.26 gallons) 


days. (Consumed on 
day 1, 6 litres; day 2, 
13 litres; days 3 and 
4 nil, (inappetence); 
day 5, 2 litres; day 6, 
3 litres; day 7, 

§ litres.) 
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EXPERIMENT NO. 2 (Cattle) 


(See Table II for Summary of Results) 


This experiment was conducted to obtain an indication of the toxic or fatal doses of standard 
spray mixture for cattle, and to ascertain in conjunction with other experiments, the symptoms 
avd post-mortem lesions of spray mixture poisoning in these animals. 


A cubé mixture, per se was. tested to eliminate the possibility that wetting agents or in- 
gredients other than rotenone were not involved in producing symptoms. 


A five gallon (22.7 litres) drench of water was administered to one control el to establish 
that Syptonts did not develop from the mechanical action of volume of liquid used. 


Results 
" / 
(a) Animals survived doses of standard spray mixture up to 3 gallons (rotenone 18 mg./ke.). 


(b) Animals died from doses of 5 gallons of standard spray mixture and cubé in water 
(rotenone 25 mg./kg. and 28 mg./ke. respectively). 


(c) No le ns were evidenced by an STE | given 5 gallons cf water as a control. 


Conclusions 


(a) The single toxic dose of standard spray mixture capable of producing the first notice- 
able indications of poisoning is in the vicinity of one gallon of spray mixture per 195 ibs. body 
weight (rotenane 18 mg./kg.). 


(b) The fatal dose of spray mixture for cattle is indicated to be in the proportion of one 
gallon to 145 lbs. body weight (rotenone 25 mg./kg.). 


(c) The range between the toxic non-fatal and fatal doses of rotenone for cattle appears to 
be small; i.e. 7 mg./kg. 


PLABLE Ad 


RESULTS OF ADMINISTERING CATTLE STANDARD SPRAY MIXTURE OR 
CUBE MIXTURE PER SE IN SINGLE LARGE DOSES 


Ex pert- 
mental Dosage 
Animal Body meg./ke. Preparation : 
Number Weight Dosage Rotenone Used Effect Remarks 
4 579 Ibs. 9.09 litres 12 x Standard Survived No symptoms 
(263 kg.) (2: gallons) spray mixture 
5 58 ls, 13.64. litres 18 x % A Inappetence 
(265 kg.) (3 gallons) 
3 (23. Nbs. 7% 22.7 3-litres 20 ix ¥! Died Survived 
(328 kg.) (5 gallons) | 13. days 
l xx 750 lbs. 22.73 litres 28) xX Cubé and Died Survived 
(340 kg.) (5 gallons) water 6 days 
Z 760 Ibs. 22.73: litres not Water only Survived Control] — 
(345 kg)» (5 gallons) applicable no symptoms 


x Recorded to nearest whole number. 
xx Administered after recovery from previous dosage. 
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EXPERIMENT NO. 3 (Cattle) 


To obtain information as to the degree to which hay contarminated with standard spray 
muxture might be harmful to cattle, two bales were spread out loosely and saturated with 
12 gallons (54.6 litres) of the liquid at 400 lbs. pressure. This amount is far in excess of that 
which is likely to fall upon hay in barns during routine spraying. The treated hay was fed 
twice daily for six days to a heifer and steer weighing respectively 415 lbs. and 644 lbs. Both 
animals were iodged in the same loose box. On the first day their drinking water, grain 
vation and bedding were also saturated with spray. 


Results 


During the six days of feeding on the sprayed hay neither heifer nor steer developed any 
symptoms. On the seventh day they refused all food, but on the eighth day recovered their appe- 
tites and remained normal for the additional thirty days during which they were kept under 
observation. 


Conclusions 


It seems evident that hay, grain or drinking water contaminated by spray mixture presents 
io serious health hazards to cattle. : 


EXPERIMENT NO. 4 (Cattle) 


* A grade cow weighing 760 Ibs. (345 kg.), im: advanced pregnancy was administered 28 litres 
(6.16 gallons) (rotenone 29 mg./kg.) over the course of seven days, to ascertain if drinking spray 
mixture could be a factor in causing abortion. 


Results 


A normal calf was born two months later. (See Table I, Experimental Animal No. 2 for 
details of daily dcsage.) 


EXPERIMENT NO. 5. (Cattle) 


A Holstein cow and her newly born calf were saturated daily on five successive days with 
spray mixture applied at 400 lbs. pressure to ascertain if calves could be poisoned by nursing 
on sprayed dams, or by licking the recently sprayed udder or hair. This experiment was done 
in February in an unheated barn. At the conclusion of the spraying test the calf was administered 
one litre of spray mixture by drench. 


Results 


The repeated daily sprayings produced no ill effects on. either calf or dam. The administration 
of the litre drench of spray mixture was followed by a few hours of inappetence, after which 
the calf nursed normally and remained healthy. 


EXPERIMENT NO. 6 (Cattle) 


To test the palatability of the stronger hand-dressing mixture containing one pound of the © 
powder to a gallon of water, a bucketful was presented in turn to eight head of catile. All 
these animals had been deprived of water overnight and had consumed their dry hay and 
grain rations the previous evening and on morning of the test. 


Results 
Some animals dipped their muzzles into the bucket of hanid-dressing mixture, but all eight 
refused to drink any of it. 


Conclusions 


: It seems evident that cattle, unless suffering from depraved appetites, will not consume hand- 
dressing mixture to which they might gain access. 
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EXPERIMENT NO. 7 (Sheep) 


To obtain am indication of the possible toxic effect of spray mixture taken internally by _ 
sheep, an adult ewe was drenched with half a gallon of the preparation. 


“Results 


For three days after drenching the animal refused to eat, drink, ruminate or move, after 
which she recovered her appetite and returned to normal health. 


Conclusions 


It appears that the spray mixture taken in sufficient quantities might be dangerous to sheep. 
It is highly improbable however that sheep weuld voluntarily ingest a harmful quantity. 


SYMPTOMS, COURSE AND POST-MORTEM FINDINGS OF ROTENONE POISONING 
IN- CATTLE 


From the collective experiments recorded above observations were made on the symptoms, 
course and post-mortem changes in animais which received sufficiently large doses of standard 
spray or cubé mixtures to produce toxic effects. In addition, one cow weighing 659 Ibs. (295 kg.), 
was administered, in one dose, 30 oz. of standard powder in five gallons (22.7 litres) of water, 
the equivalent of 20 gallons of spray (rotenone 110 mg./kg.) mixture in order to produce, .if 
possible, specific lesions of rotenone poisoning in catle. This animal is not included in Table II 
because the concentration of rotenone used was not that of the staudard spray mixture. 


In all cases symptoms of ill effect were primarily inappetence, followed by cessation of bor- 
borygmus and rumination, a reluctance to move and variable degrees of dyspnoea, iiclining 
toward abdominal respiration. Animals which received 18 mg./kg. of rotenone or less, in single 
doses, recovered from these symptoms within 48 hours. 


In all three fatal cases (vide Table II and the animal mentioned above) the initial symptoms 
just described were followed by an increased ieluctance to rise, intermittent groaning and in- 
creased dyspnoea. Pulses: became rapid, feeble and finally imperceptible. In one animal a per- 
sistent clear mucoid discharge from the nostrils was noted. In all, faeces were liquid, and con- 
tinued to flow intermittently without effort, until the days of death. Prior to the latter event 
temperatures became subnormal and extremities cold. 


The course of illness in each fatal case was six days for No. 1 animal (28 mg.;kg. rotenone); 
13 days for No. 3 animal (25 mg./kg. rotenone); and 14 days for the animal which received 30 
ounces of spray powder (110 mg./kg. rotenone). (The life of this animal may have been pro- 
longed as treatment was given in an attempt to counteract the effect of the rotenone). In no 
case did cattle, like pigs, develop convulsive symptoms of poisoning or any noticeable evidence 
of paralysis of the hind limbs. 


The examination of internal organs revealed the rumena partially filled with semi-liquid 
contents; the omasa packed with relatively dry ingesta; mild inflammation of the abomasa; areas 


of ecchymosis in the duodena and ilea fusing, in the animal which received the 110 mg./kg. 
of rotenone, to form a generalized sub-acute catarrhal enteritis in the last 20 feet of the ileum. 


Colons, in the gross, showed little change, but some round ceil infiltration in the tunica 
propria and hyperplasia of the lymph follicles were observed in sections. The spleeus were 
acutely congested and had haemorrhaged. 


Liver degeneration consisted of cloudy swelling. In one organ there were a few focal areas 
of necrosis into which round cells had infiltrated. 


Lungs showed variable changes consisting of engorged capillaries, collapsed alveoli, some 
emphysema and oedema and bronchioles containing catarrhal exudates. 
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Kidney lesions showed no consistent changes. In the first case great swelling of cells pre- 
ceded or accompanied necrosis of many cells in the proximal convoluted tubul2s; numbers of 
tubules contained hyaline casts and round cells had infiltrated the interstitial tissue diffusely. 
In the second case renal lesions were limited to cloudy swelling and sub-capsular infiltration of 
eosinophiles, while in the third case degeneration of the proximal convoluted tubules and con- 
gesticn of intertubular capillaries comprised the changes. 


g 

In the animal which received the large dose of rotenone (11) mg./kg.) early degenerative 
changes were present in the myocardium. In arother animal heart lesions consisted of taemorr- 
hages under the endocardium which extended into the myocardium. 


Lesions of the central nervous systems were not visible in the gross. In the spinal cords the 
neurones of both the anterior and posterior horns contained celis which had retained their 
angularity and many of their granules, but im which the nuclei were indistinct or absent. Neu- 
rones in one instance showed a very unusual change in morphology — cells being divided into 
three or four fragments without nuclei or Niss! granules. Microscopic changes in the cerebella 
included neurones in the molecular layers showing early degeneration, and elsewhere Purkinje 
cells characterized by loss of granules and eccentric nuclei. 


It appears probable that the experimental deaths in cattle are caused by paralysis of the 
smooth muscle of the alimentary canal, absorption of intestinal toxins, and interference with 
respiratory and heart actions in association with degenerative changes of the central nervous 
system. It is also possible that modifications in the micro-fauna and micro- flora: of the rumen 
may have had an effect on rumination. 


ROTENONE POISONING IN SWINE 


Incidental to the studies of rotenone tolerance in cattle, tests were made to ascertain what 
effects, if any, similar spray mixtures might have upon pigs. This phase of the investigation 
was initiated because, as already stated, casualties occurred amongst pigs in 1950 on farms fol- 
lowing the spraying of cattle for grubs. 


The first casual tests were conducted in 1950 on two suckling pigs to which were administered 
individuaily by stomach tube, 30 cc. of standard spray mixture, witnout ill effect. The possibility 
was considered that the sow’s milk present in the nursing pigs’ alimentary canals might have 
given them protection. 


As noted in the introduction two weaned pigs, weighing approximately seventy-five pounds, 
were offered three litres of spray mixture in a trough. ‘They drank readily a considerable 
portion of the material and within fifteen minutes were both dead. Their litter mates in an 
adjoining pen remained normal. 


To obtain.more complete data varying doses of spray were administered to pigs either in its 
standard form, or with the addition of milk. As with cattle these studies were carried out in 
January and February 1951. e ; 


EXPERIMENT NO. 8 (Swine) 
(See Table III for Summary of Resuits) 


-Kight pigs, varying in weight from 1814 lbs. to 105 lbs. were administered standarc spray 
mixture in amounts varying from 62 to 560 cc. 


Results 


Animals which received respectively 22.2, 6.5, 3.7, mg./kg. rotenone in the spray mixture 
died. The 22.2 and 6.5 mg./kg. doses were administered to suckling pigs, and the 3.7 mg.;kg. 
dose to a weaned pig. Three weaned pigs received respectively, 2.0, 1.8 and 1.6 mg./kg. rotenone. 
That receiving 2.0 mg./kg. died, while the two others developed symiptoms of poisoning but re- 
covered. ‘Iwo weaned pigs administered respectively, 1.1 and 0.5 my.;kg.. rotenone each showed 
no symptoms and survived. 


Conclusions — Combined with Experiment 9. 


i 
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TABLE: TEP 


RESULTS OF ADMINISTERING STANDARD SPRAY MIXTURE TO SUCKLING AND 
WEANED PIGS 


Experi- 
mental h Dosage 
Animal Body mg./kg. 
Number Weight Dosage cc. Rotenone Effect Remarks 
1 1815 ibs. 500 22.9 Died Suckling pig. 
(8.4 kg.) 
i, 30 lbs. 250 OD ia Obed Suckling pig. 
(13.6 kg.) 
8 105 Ibs. 500 a Died Weaned pig. 
(47.6 kg.) Ae : 
10 100 Ibs. 250 apres | Died Weaned pig. 
(45.3 ke.) 
11 93 Ibs. 188 1.6 Survived Weaned. pig. 
(42.2 kg.) : 
12 93 Ibs 218 1.8 Survived Weaned pig. 
(42.2 kg.) 
| Faieee 93 lbs. 125 5S _ Survived Weaned pig. 
(42.2 kg.) 
Lx 93 Ibs. 62 0.5 Survived Weaned pig. 
(42.2 ke.) 


EXPERIMENT NO. 9 (Swine) 
(See Table IV for Summary of Resuits) 


To ascertain whether or not it was the rotenone content of the spray mixture whicn caused 
symptoms, apart from wetting agents, four pigs were administered cubé and water only. 
Results 


Those animals which received respectively 10.8, 9.5 and 6.8 mg./kg. rotenone died. One which | 


9 


received 3.7 mg./kg. rotenone manifested severe symptoms of poisoning but recovered. 


TABLE IV 


RESULT OF ADMINISTERING CUBE POWDER IN WATER TO: SUCKLING AND 
WEANED PIGS 


Ex peri- 
mental Rag, Dosage 
Animal Body mg./ke. 
Number Weight Dosage cc. Rotenone Effect Remarks 
2 211% Ibs. 250 10.8 Died Suckling pig. 
é (9.7 -kg.) 
4 98 Ibs. 1000 Oey Died Weaned pig. 
(44.4 kg.) : 
6 68 Ibs. 500 6.8 Died Weaned pig. 
(30.8 kg.) : 
9 93 Ibs. BID 3.7, Survived Weaned pig. 
(42.2 kg.) 


x Administered after recovery from previous dosage. 


hPa ag 
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Conclusions (Experiments 8 and 9) 


(a) Suckling and weaned pigs are highly susceptible to poisoning by relatively small quanti- 
ties of rotenone. The ingestion of a very small quantity of spray mixture, even as little as 
250 cc. for a\l00 lb. pig, is fatal. 


(b) The rotenone content of the spray mixture is the toxic factor. The presence of wetting 
agents may increase the absorption of rotenone. Note survival of animal No. 9, Table 1V, after 
a dosage of 3.7 mg./kg: administered as cubé powder alone in water. 


Yc) The minimum lethal dose of rotenone in standard spray mixture for pigs appears to be 
approximately 2 mg./kg. 


EXPERIMENT NO. 10 (Swine) 


In an attempt to verify the indication that milk might be antidotal in rotenone poisoning, 
two suckling pigs, with empty stomachs, were administered each 250 cc. of fresh cow’s milk 
containing respectively 8.5 mg./kg. rotenone in standard spray mixture and 10.1 mg./kg. rote- 
none in cubé. 


Results 
Both pigs developed symptoms of poisoning but recovered. 


Conclusions 
Fresh cow’s milk, administered with rotenone, at approximately tour and five times the 
minimum lethal dose indicated in Experiment No. 8 appears to give marked protection. 


EXPERIMENT NO. 11 (Swine) | 


In view of the great susceptibility of swine to small amounts of rotenone taken internally, 
a sow with a nursing litter of 11 pigs, their bedding and walls of the pen were saturated with 
spray mixture applied at 400 lbs. pressure. This experiment was done to learn whether or not 
any health hazards existed to swine through the possible absorption of rotenone through the 
skin, or, in the case of very young pigs, if they could obtain sufficient amounts of the poison 


from the residue which might be left on the sows’ udders. 


Results 

x : ; 
Neither sow nor litter manifested any symptoms of rotenone pcisoning during the week 

following treatment for which time they were kept under observation. 


Conclusions 
It appears unlikely that spray mixture applied externally to pigs presents any direct health 
hazard. However, the hazard through ingestion as indicated in the preceding experiment is so 


. great that the spray mixture should not be used near pigs. 


“EXPERIMENT NO. 12 (Swine) 


During the course of the above experiments the opportunity was taken to feed pigs the 
muscle, heart, intestine, liver, kidney, brain and spinal cord tissues of cattle which had died 
of rotenone poisoning. The object of this experiment was to demonstrate whether or not the 
flesh of animals, particularly of beef cattle which had been sprayed for warbles, presented any 
public health problems. 


Pigs were selected upon which to make the tests on account cf their marked susceptibility 
to rotenone poisoning. Two animals weighing approximately 150 Ibs. were deprived of all food 
other than the flesh of those cows which had succumbed to, respectively 28 and 110 mg./kg. 
rotenone. Because of the wasting and scattering of portions of the cattle tissues no accurate 
weights of the amounts consumed were recorded. The pigs, however, were observed eating the 
tissues and each consumed several pounds. 
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Results 


No visible ill effects followed the ingestion of tissues from experimentally poisoned cattle. 


Conclusions 


It appears that the spraying of caitle and the subsequent consumption of their flesh, is most 
unlikely to cause any harm to man. d 


SYMPTOMS, COURSE AND POST-MORTEM FINDINGS OF ROTENONE POISONING 
IN PIGS 


Observations on the effects of rotenone upon pigs revealed relatively constant symptoms of 
poisoning. Primary actions in animals, whether they ultimately survived or died, were similar. 
These symptoms commenced with restless movements associated with -occasional grunting. 
Usually within half an hour from the onset, animals which had received 2.0 mg.;kg. rotenone 
or more, vomited or attempted vomition, ground their teeth and commenced profuse salivation. 


‘The second stage of symptoms involved inco-ordination of movement, manifested by stagger- 
ing gaits and proceeding rapidly to apparent paralysis of the hind Limbs. At this peint pigs 
invariably assumed a sitting position, attempted to rise but almost in:mediaiely collapsed, lying 
on their sides. . 


Constant symptoms from the stage of collapse, except in the case of those pigs which re- 
covered, were dyspnoea, increased pulse rate, evidence of pain, negative reflexes and progressive 
decrease in body temperature from normal (102-*/;° F) to a sub-normal temperature of 
96°-98° F. This chilling was invariably associated with progressive ccoling of the body extrem- 
ities (feet, ears, tail) which, with markedly decreased rate of respiration, preceded death. 


Variable symptoms noted included the development of “thumps”, muscular tremors, transient 
erythema and the occasional passing of faeces and urine. 


The course of poisoning in pigs developed and terminated with relative rapidity when com- 
pared with the effects of rotenone poisoning in cattle. Doses of 3.7 mg./kg. or more of 10tenone 
killed pigs, usually, in from half an hour to four hours. In one case, however, a single suckling 
pig survived 10.8 mg./kg. of rotenone (in cubé and water) for 24 hours, whilst a weaned pig 
survived 9.5 mg./kg. rotenone in a similar preparation for only three quarters of an hour. 
A hundred pound pig which was administered 2.0 mg./kg. rotenone (in 250 cc. of spray mixture), 
succumbed in five hours. Pigs which developed symptoms of poisoning, but recovered, appeared 
normal between 24 and 48 hours after treatment. No complications developed, except in one 
instance, in which a non-fatal case of broncho-pneumonia followed treatment; this may or may 
not have been incidental to the administration of spray mixture internally. 


The autopsy findings in swine, were variable, but in some respects similar to those encount- 
ered in cattle. 


Stomach and intestines showed variable degrees of congestion, sometimes associated with 
moderate haemorrhages and desquamation of the epithelial cells from the tips of the villi. 


The livers constantly manifested cloudy swelling, with a tendency of the cells immediately 
around the central veins to show increased depth of eosinophilic staining and marginal dis- 
placement of the nuclei. Congestion of the livers occurred cccasionally. 


Lungs showed evidence of congestion, occasional haemorrhage end broncho-pneumonia de- 
veloping. (It is questionable whether the latter condition was caused by the treatment.) 


Kidney lesions were limited to different degrees of degeneration in the epithelium of the 
convoluted tubules. Individual cells showed vacuolation, ragged borders and/or cloudy swelling. 
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Heart lesions, in one case, simulated those found in cattle, consisting of haemorrhages under 
the epicardium. Lesions of the central nervous systems observed were confined to some sub- 
ependymal round cell infiltration in the cerebra. 


SUMMARY 


Results of a series of tests on toxicity of warble spray mixtures and cubé are outlined. 
Clinical and post-mortem systems are discussed. 


Cubé spray mixtures used in warble control are toxic to cattle oaly in quantities which it is 
considered animals will not ingest in a control programme. 


A similar degree of tolerance is apparently exhibited by sheep. 


Cubé spray mixtures are highly toxic to swine. As small an amcunt as 250 cc. of standard 
spray mixture is a lethal dose for a 100 lb. pig. Indications are that both sows’ and cows’ milk 
are antidotal to rotenone poisoning in swine. 
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THE ANATOMY AND HISTOLOGY OF THE DIGESTIVE TRACT OF 
HYLEMYA BRASSICAE (BOUCHE) (DIPTERA: ANTHOMYIIDAE) 


S. E. Dixon! 


‘There is no account of the anatomy and histology of the digestive tract of any Anthomyiidae. 
Hewever, other muscoid flies have been the object of detailed study, particularly the digestive 
system in Calliphora by Lowne (18) and Graham-Smith (16); the housefly by Hewitt (17); 
Drosophila by Strassburger E. (27), Strassburger M. (28), Miller (20) and others; Glossina by 
Minchin (21), Giles (14), Stuhlman (29) and Wigglesworth (31); and Philaematomyia by 
Patton and Cragg (22). 


MATERIALS AND METHODS 


Most of the flies used in this study were reared from puparia coilected in the field. 


Dissections were made of both living and fixed material. For gross staining of dissections, 
paracarmine in. glycerine was used. This technique was especially valuable for studying the 
musculature of the gut. 


Bouin’s fixative proved most satisfactory using dioxane for dehydrating whole flies and 
ethyl alcohol for dissected guts. Sections were stained with Delafield’s haematoxylin and eosin; 
some with Mallory’s triple stain. 


__ Presented to the Department of Entomology and Zoology, Ontario Agricultural College in partial 
fulfilment for the degree M.S.A. 
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GENERAL 


The alimentary canal includes the gut proper together with structures generally associated 
with it such as the salivary glands, labellar glands and malpighian tubules. While the malpighian 
tubules are not, strictly speaking, part of the digestive system, because of their intimate con- 
nection with the gut they are here considered for study. = 


The three regions of the gut typical of insects, stomodaeum (fore-gut), mesenteron (ventri- 
culus or mid-gut) and proctodaeum (hind-gut) present distinct subdivisions. 


THE STOMODAEUM (FORE-GUT) 


The true beginning of the alimentary canal is marked by a sphincter (about 604 long and 
8-104 thick) surrounding the proximal dilatation. of the oesophagus at its connection with the 
cibarium (pharynx) within the rostrum of the proboscis. 


The oesophagus passes dorsally from the cibarium (pharynx) and curves sharply posteriorly 
toward the brain. ‘The preganglionic portion of the oesophagus measures 31-364 in diameter 
(except for its proximal dilatation where it joins the cibarium). Its tunic of circular muscles 
(no longitudinal muscies are seen) is uniformly 3-44 thick. The epithelium is thrown into 
about ten folds longitudinally with an imner cuticular border ly thick. The epithelial cells are 
columnar in the sphincter region (13.5x6u) and become cuboidal (6x 6y) toward the brain. 
A basement membrane is visible. 


The ganglionic porticn of the oesophagus is loosely attached to the brain by connective 
tissue, and is somewhat narrowed (22u). This narrowing within the brain is found in Philae- 
matomyia (22) and Musca domestica (17), but apparently not in Calliphora (16). It is not 
mentioned by Miller (20) for Drosophila. ‘The muscular coat is of the same thickness as that 
of the preganglionic oesophagus (3-44), the epithelium is thinner (4~) and the intima is about 
lu thick. Giles (14) states that the muscular and cuticular layers in Stomoxys are “barely per- 
ceptible”. 


The oesophagus passes from the brain through the occiput into the therax below the aorta, 
and bifurcates as it approaches the “‘proventriculus’. The oesophageal branch runs postero- 
dorsally into the “proventriculus”. The crop duct continues posteriorly, ventral to the thoracic 
ventriculus and dorsal to the thoracic nerve ganglion, to the crop which lies within the first 
two, Or sometimes three, abdominal segments. 


In the region of the bifurcation the circular muscle layer thicknes to about 11.54 to form 
thiee sphincters, one anterior to the bifurcation and two posterior to it; of the latter one is on 
the crop duct and one on the oesophagus anterior tc the hilus of the “proventriculus”. 


THE CROP 


At its anterior end the crop duct is a narrow tube about 29-5ly in diameter. The external 
circular muscle layer is 2-34 thick. The epithelium appears to be thrown into a variable number 
(7-10) of longitudinal folds with a prominent cuticle. As it enters the abdomen the duct dilates_ 
to a large saccular, bilobed crop (Fig. 1). The crop when dissected in fresh specimens may be 
a flaccid, translucent, white sac. When turgid with food it is amber-brown and may measure 
1.26x 1.08x 0.9 mm. When flaccid the crop wraps ventrally about the anterior region of the 
abdominal ventriculus. When full the crop displaces the ventriculus dorsally and _ slightly 
posteriorly. The bilobed appearance of the sac is somewhat obscured when. it is fully distended 
with food. The crop epithelium consists of numerous, inwardly. projecting, finger-like pro- 
longations with small, round to oval nuclei (4.4-6, diameter). The epithelial folds are only 
apparent when the sac is either partly or entirely collapsed (Fig. 7). The crop musculature 
consists of a series of bands 2-34 wide which encircle the crop transversely then anastomose 
freely along the median dorsal surface. 
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THE “PROVENTRICULUS” OR CARDIA 


The term “cardia” is adopted tor Drosophila by Miller (20) who reasons that because it is, 
embryolcegically, a composite structure involving both fore-and mid-gut elements it is not a true 
proventriculus, which is a fore-gut structure of ectodermal origin. However, as the term ‘‘pro 
ventriculus”” has become so fixed in the literature it is used here with quotation marks. 


Gross Anatomy 


The “proventriculus” (Figs. 1, 2) is a bulb-like swelling in the tract, 0.5-0.6 mm. posterior 
to the occipital foramen inclined forward at an angle of about 45° to the horizontal, measuring 
225-320», in diameter and 190-2254 long. It consists of an external wall which is the anterior 
end of the ventriculus distended to accommodate an internal “plug”. The plug is shaped like 
a mushroom, the “stem” being a hollow tube. Surrounding the base of the stem region are 
two glandular swellings, the “atnular pads” (32). ‘The “proventriculus has essentially the same 
form throughout the Muscidae” (Wigglesworth 31). 


Histology of the “Proventriculus” 


The histology of the “proventriculus” is best studied in sagittal sections of the gut 
Gines.e2 Bp). 


At the hilus, encircling the proventricular lumen entrance, is an annulus of muscle 134 thick, 
the “basal ring muscle” of Graham—Smith (16). 


The plug is of stomodaeal origin and its components are easily recognized by their chitinous 
intima. The central tubule of the plug is a continuation of the oesophagus and has the same 
general characteristics. ‘Uhe epithelial folding is similar to that of the oesophagus. The epithelial 
nuclei are small, not larger than 4x 3u. ‘The cuticular lining is less than ly thick and bears 
numerous spines. ‘These spines may have led Lowne (18) to the inaccuracy of regarding the 
“proventriculus” as “a gizzard and nothing more” although he does not refer to their presence, 
if they exist, in the blowfly. The musculature of the epithelium of the plug lumen consists of 
an inner layer of longitudinal muscles and an outer layer of circular muscles which is relatively 
thick (5-84). ‘hese muscles are continuous with those on the exterior of the oesophagus and 
favour the theory that the plug is sphincter in action, as suggested by Wiglgesworth (31), and 
not valvular as Hewitt (17) and Patton and Crage (22) thought. ‘The posterior orifice of the 
plug opens into the space between the wall of the “proventriculus” and the plug, opposite the 
orifice of the thoracic ventriculus. From its posterior orifice the true provertricular epithelium 
runs outward and downward, then with a smooth undulation runs slightly inward, then broadly 
outward. This broad flange then turns abruptly inward to form a rim finally downward to form 
a stem-like region for the musnioomed plug. No second flange is evident here as described by 
Graham—Smith (16) for Calliphora. In this respect H. brassicae is more like Glossina (31) and 
Musca (17). 


This flange gives the plug its characteristic shape. The intima of the flange is less than ly 
thick. The epithelium consists of pale-staining cells which are cuboidal near the posterior 
orifice, gradually becoming columnar in the flange and along the reflected edge. Vacuoles are 
rare. A basement membrane was not seen. The bases of cells from either side of the flange 
appear to intermesh, Muscle strands run radially from the proventricular oesophagus toward 
the flange periphery to the epithelial cell bases. The epithelium of the flange is continuous in 
the stem region of the plug with the epithelium of the annular pads, but the line of demarcation 
is easily seen; the intima disappears and the annular pad cells stain more deeply (Figs. 2, 3). 
This region is the zone of junction (20). The flange epithelial nuclei are pale-staining, oval in 
outline and somewhat smaller than those of the pad cells, 
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The “annular pads” appear as a double ring about the base of the proventricular oesophagus 
(Figs. 2, 3). The inner, larger pad is separated from the proventricular stem by a cleft and 
follows, distally, the contour of the inner margin of the flange. The outer, smaller pad follows 
on its inner side the contour of the larger pad and its outer side appears to be contoured to 
receive the depending rim of the flange. 


These pads in Hylemya show but slight difference from comparable structure figured for the 
Housefly (17), and Calliphora (18), (16). The pads and the “proventriculus” itself appear some- 
what mcre modified in H. brassicae than in other forms; the outer pad appears larger in 
Hylemya. The “proventriculus” is noticeably modified in Drosophila (20) where there appears 
to be buc one annular pad; the base of the ventricular wail evidently being the major secretory 
area. 


The cells of the annular pads vary in length from low cuboidal to very tall columnar (90) 
in length. The cells rest on a basement membrane internal to the circular muscle layer of the 
proventricular wall. The pad cells narrow considerably toward their bases. The nuclei are 
relatively large, (11 x 7) oval, end are as basal as their cell diameters will allow. The cytoplasm 
apparently varies with the physiological state of the cells. Globules and vacuoles may be seen. 
In Figure 3 it will be seen that the cell borders appear actively engaged in secreting the presub- 
stance of the peritrophic membrane. At times the free surface may be hyaline or give the 
appearance of a well defined brush border. 


Continuous with the outer, smaller, annular pad is the wall of the “proventriculus”. The. 
cells of the proventricular wall show the same characteristics attributed to them by Wigeles- 
worth (31) in Glossina. The wall consists of a single layer of cuboidal cells, which are deep- 
Staining and may exhinit vacuoles and globules like the cells of the annular pads. The free 
border may be hyaline, brush or appear actively engaged in secreting. Vacuoles are fewer than 
in the pads and a clear 7one is sometimes seen. Graham—Smith (16) for Calliphora states “in 
the cubical cells of the vault (upper region of proventricular wall) the vacuoles are few and the 
clear zone small or absent”. 


The musculature on the exterior of the “proventriculus” consists-of outer, widely separated, 
longitudinal fibres running posteriorly from the region of the hilus and an inner layer of closely 
packed circular muscles forming a sheet 2u thick. 


The peritrophic membrane is evident in the upper region of the proventriculus near the 
posterior orifice (Fig. 2). Following the membrane to the annular pad region one can see that 
it is composed of two sheets. Each sheet or lamina appears to arise between the clefts of the 
epithelial pads and the two give the appearance of being compressed into one in the space be- 
tween the proventricular flange rim and the basal region of the proventricular wall. In favour- 
able sections there can be seen the deep-staining secretion filling the space between the pads 
and the corresponding area of the flange, between the clefts and between the basal region of 
the proventricular wall and the flange. This is essentially the same as for Glossina, first described 
by Wigglesworth (31). Graham—Smith (16), however, could not see this secretion in Calliphora. 


Histological evidence seems to suppor! the interpretation that the function of the “proven- 
triculus” is dual, first that it acts as a sphincter controlling the passage of food to and from 
the mid-gut, and secondly that it produces the peritrophic membrane. Regurgitation from the 
crop is probably controlled by a sphincter in, the region of bifurcation of the oesophagus and 
also by the sphincter at the entrance to the oesophagus from the cibarium (2). 


THE VENT RICULUS (MID-GUT) 


GYOSS Anatomy 


In the thorax the mid-gut or ventriculus passes, with a slight constriction, from the “pro- 
ventriculus” in a straight course posteriorly, ventral to the aorta and dorsal to the crop duct. 
The weli-developed wing muscles force the thoracic organs ventrally. The thoraric ventriculus 
usually has a somewhat variable diameter (150-160), and always shows surface corrugations. 
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The ventriculus narrows as it passes into the abdomen, curves dorsally and proceeds in the 
median line over the crop, below the aorta. When the crop is distended with food the ventri- 
culus is displaced dorsally, almost touching the tergites. The vertriculus at the end of tergite 
3 curves ventrally, anteriorly, dosally and then posteriorly to form a clockwise coil (viewed 
from the left). At the hub of the coil it takes an abrupt turn right and immediately com- 
mences to “unwind” in a countercleckwise coil curving dorsally, anteriorly, ventrally, and finally 
posteriorly. The coiling or helix involves 114 turns clockwise and 11% turns counterclockwise. 


The regions of the ventriculus (Fig. 1) within the abdomen have been variously named, but 
the nomenclature of Graham—Smith (16) seems to be most suitable. LLowne (18), Hewitt (17), 
Patton and Cragg (22), all use the term “intestine” in their descriptions, which seems unwise 
for mid-gut regions. Four regions are easily recognizable. The abdominal ventriculus is that 
region within the abdomen as far as the ventral curving in segment 3. From this curve to the 
end of the clockwise coil (viewed from the left) at the hub is the proximal loop. The counter- 
clockwise coiling is the helicoid region. That region. between the end of the coiling where the 
tube straightens as far as the origin of the malpighian tubules is the post-helicoid region. The 
helix in this form appears to be a constant feature. Though it has, at times, the appearance of 
being more “tightly wound”, its general pattern is the same. Some of the biting muscoid flies 
(e.g. Glossina (31)) do not exhibit this helical arrangement to the mid-gut. 


The abdominal ventriculus is the widest region of the mid-gut (195u). At the commence- 
ment of the proximal loop the ventriculus begins to narrow until near the hub of the helix it 
measures no more than 75yu. The helicoid region more or less maintains this diameter, though 
occasional swellings are found. The post-helicoid region is the shortest region and may measure 
no more than 180, in length. 


The total length of the mid-gut in my specimens varied from 7.9 to 10.5 mm. The figures 
for the relative lengths of the various alimentary tract regions given by Graham—Smith (16) 
for various Muscids, apparently, are for larger specimens of each species. Hewitt (17) does state 
specifically that the gut length varies in the housefly. Miller (20) gives the unqualified tength 
of 5 mm. for Drosophila, but the figures here presented represent not laboratory cultured flies 
of a known strain but wild types—hence possible greater variation. 


Histology of Ventriculus 


The thoracic ventricular epithelium shows a transition from very low cells near the ventri- 
culus to tall, attenuated columnar cells ranging in height from 25-464 within .25 mm. of the 
“proveiitriculus’ (Figs. 4. 9). ‘Their nuclei are basal, round to oval with a prominent nucleolus. 
The cytoplasm may stain uniformly pink or at times be deep-staining and vacuolar. This 

difference in staining does not appear to be regional. Regenerative cells are not frequent. The 

musculature of the thoracic ventriculus consists of inner circular muscles arranged in bands 
3u thick, 17-254 wide, 10-154 apart consisting of about 10-12 fibres each. External to these 
run the longitudinal muscles, about 40 in number, 4u wide, 2.54 thick. Epithelial cells bulge 
between the latticework of muscles and account for the corrugated appearance of the thoracic 
ventriculus. This disappears in the abdomen. 


The ventricular epithelium shows more differentiation within the abdomen. The cells of the 
abdominal] ventriculus (Fig. 6) are tallest (62x 10u) and those of the helicoid (Fig. 5) and post- 
helicoid (Fig. 6) regions are cuboidal and may be as small as 7 x 7y. 


The cytoplasm of the abdominal ventricular cells rarely manifests the so-called “resting” 
stage. ‘he cytoplasm appears highly vacuolar, rather spongy, without a distinct brush border. 
The cell bases are indented by circular muscles 3-44 in diameter. Two or three such muscless 
may indent the base of a single cell. Longitudinal muscles are present as scattered bands ex- 
ternally. Regenerative cells may appear between: every second or third cell. These are identified 
by their small size, wedge shape, small nucleus and by their denser cytoplasm, 


Or 
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The cuboidal cells (Figs. 5, 6) usually show a brush border, 1 thick, and are darker staining 
cells than those in the preximal loop or abdominal ventriculus. Though they may at times be 
vacuolar one does not see the budding of cytoplasm which is visible in the more proximal 
regions. Longitudinal muscle bands may be seen 2-34 wide. Circular muscles are rare. 


THE HIND-GUT OR PROCTODAEUM 


‘This is a variable portion of the digestive tract in Muscids. It consists of the anterior and 
posterior intestines separated by the region of the rectal valve. 

The posterior intestine is divided into three parts (Fig. 1). It includes first the region terucen 
the rectal valve and the rectal pouch, which region we call the first part of the rectum and which 
is non-existent in Drosophila (20) where the rectal valve leads directly into the rectai pouch. 
The second region of the posterior intestine is the rectal pouch and posterior to it the third 
region called the anal rectum which ends with the anus. 

A problem in nomenclature presents itself here. ‘Since all Muscids do not possess a rectai 
valve (e.g. Glossina (31)) this cannot serve as a general landmark, and since there is no anterior 
or “first” part to the rectum in Drosophila (20) this presents a problem as well. Since the hind- 
gut so closely resembles Callipkora in its gross anatomy it might seem advisable to accept the 
nomenclature of Graham—Smith (16) who adopts that of Lowne (18) and Hewitt (17) but his 
terms cause some confusion in that his use of “hind-gut” is restricted to the particular portion 
of the pioctodaeum anterior to the rectal valve, whereas “hind-gut” usually is used synonymously 
with proctodaeum. The terminology of Patton and Crag@ (22) and Miller (20) might lead to 
confusicn. The ee of Graham—Smith (16) is therefore adopted substituting * ‘anterior 
intestine’ for “hind-cut” 


Gross Anatomy 


\ 


The commencement of the hind-gut is marked by the entrance of the Malpighian tubules 
beneath tergite four. The anterior intestine describes a curve passing posteriorly, dorsally and 
finally anteriorly and to the left of centre (viewed dorsally). ‘This (about 630-700u long x 120u 
diameter) constricts slightiy at the entrance to the rectal valve which is identified as the slight 
swelling (465y long x 270, diameter). From the rectal valve the jirst part of the rectum (post- 
erior intestine) makes an abrupt turn anteriorly to the right then postero-dorsally in the shape 
of an inverted “U”. (The gonads may, with development, displace the hind-gut forward and 
to the right, in which case the anterior intestine almost reaches the posterior tip of the ventri: 
cular loop of the mid-gut). 


The first part of the rectum is about the same diameter as the anterior intestine and 0.70 
to 0.81 mm. long. Its terminus is marked by the large rectal pouch which is usually beneath the 
last and the posterior part of the second to last, dorsally visible, tergite. It may be pyriform, 
wider at its anterior end and narrowing to the diameter of the anal rectum or appear as a re- 
gular swelling 200% diameter x 560u long. Whatever its shape it has four cone-shaped papillae 
visible through the membranous pouch wall; two on either side, one below the other (Fig. 1). 


From the rectal pouch the gut passes posteriorly in a straight course as the — rectum 
0.7 mm. long. 


Histology of Hind-Gut 


The anterior intestine is tubular in cross section (1304). The epithelium is thrown into five 
or six longitudinal folds which may disappear when the tube is distended. The hind-gut epithe- 
lium is characterized like that of the stomodaeal by an intima which in this region is less than 
Tq thick but clearly visible (Fig. 12). The epithelial cells are pale-staining and cuboidai, they 
iaay be as small as 6x 6y near the entrance of the Malpighian tubules and larger up to 16x 12y, 
toward the rectal valve region. The musculature is a uniform band 4u thick of circular muscle 
which does not conform to the infolding epithelium and therefore, in the relaxed state, creates 
a space between it and the infolded epithelium. No longitudinal muscles are apparent but an 


| | SOCIETY OF ONTARIO 53 


external mesh of interconnecting muscle fibres presents a distinction from the rectal valve with 
its regular bands of closely packed circular muscles, each inuscle band of the valve being about 
6u wide and 124 thick. About twenty such bands run transversely over the valve. No longi- 
tudinal muscles are apparent. 


Figure 11 shows the rectal valve in the open position. The valvular action is performed by 
a thin, muscle-controlied epithelial annulus which projects into the lumen like a diaphragm. 
In longitudinal sections this annulus appears as a pair of flaps from either wall. The valve 
intima bears a complex but orderly arrangement of spines, the direction of which is determined 
by the position of the valve, whether open or closed. In Figure 10 the peritrophic membrane 
is seen being pulled through by the spines of the valve intima. 


The annulus appears to be composed of epithelial cells with small nuclei (3 x 2) connected 
externally to the circular muscles by connective tissuc, which can also be seen surrounding the 
muscle bundles. 


_ The epithelium is cuboidal in the preximal region and becomes more pavement-like near the 
annulus. Posterior to the annulus the cuboidal form is again assumed. Throughout the valve 
the epithelium is deep-staining and the cytoplasm gianular — almost suggestive of a secretory 
function. Neither globules nor vacuoles were seen, however. 


At least one function of the rectal valve appears to be that of aiding ir: the passage of the 
peritrophic membrane through the hind-gut (16). Note Fig. 10. 


The rectum commences posterior to tbe 1ectal vaive with the posterior intestine, a tubular 
structure which has about the same diameter as the anterior intestine (about 130u), or which 
may be distended with food to at least twice this diameter (Figs. 11, 13). Its histology is similar 
to that of the anterior intestine. The musculature is a thin layer (2-34 thick) of circular bands. 
Yoward the pouch region longitudinal muscles appear externally. 


The recial pouch (Fig. 1) is a muscular translucent sac enclosing four papillae. The epithe- 
lium of the pouch wail is. very thin, and may. be much folded during contraction. The cells are 
low, cuboidal, containing small nuclei (8x 6u). The cuticula appears to be a uniform, spineless 
sheet about ly thick. The musculature consists of outer circular bands (6-124 x 6-10u thick) very 
closely packed, overiying inner, longitudinal bands 4:5, wide x 7, thick. These latter are conti- 
nuous with those of the posterror intestine. 


The vectal papillae (Wigs. 14, 15) are cone-shaped with an inner lumen opening into the 
body cavity, and their narrowed tips directed into the pouch lumen. ‘The papillae measure 
112-126, in diameter at the base and are 170-210u long. ‘They exhibit both cortical and medul- 
lary regions. The medu!la consists chiefly of tracheal branches from the haemocoel. These 
give rise basally to cortical tracheal branches which run longitudinally through the cortex then 
branch in the intercellular spaces and ramify through the cortical cells as intracellular tracheae 
(35). The cortical cells are largest near the base (60-70y high), stain lghtly but not homo- 
geneously. Their granular cytoplasm is denser toward the lumen and between the cells can be 
seen the “intercellular spaces” of Graham—Smith (16). Their nuclei are large, (10x 12u) and 
basal, that is, toward the external cuticula. 


Externally the papillae are covered with a loose intima lq thick bearing short spines 
3-64 long. 


The anal rectum is the third and last region of the hind-gut. It narrows posteriorly and 
shows no differentiation other than that already described for the anterior intestine. ‘The 
musculature thickens toward the anus, probably performing the function of an anal sphincter. 


MALPIGHIAN TUBULES 


No attempt will be made to describe the intricate but apparently constant coursing of the 
four Malpighian tubules which arise in pairs from a common stalk, one from either side of the 
posierior end of the post-helicoid region of the ventriculus. The tubules measure not less than 


i , 
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19.35 mm. in length. They are found attached by tracheae to the visceral organs and for this 
reason are most difficult to unravel. In living specimens the tubules are yellow in colour prob- 
ably owing to excreted calcium salts (31). 


The common ducts are about 210u long and approximately 804 in diameter. Their bulging 
epithelial cells are deep-staining and cuboidal (10-l4u x 10-l4y).: The free surface of the 
cpithelium is lined by a distinct brush border about 2u high which in the common ducts dees 
not stain as deeply as the epithelium. Inner circular and scattered outer longitudinal muscles 
are seen. 


The tubules (Figs. 8, 11) consist of irregular epithelial cells, 1 or 2 appearing in a cross 
section, with large round to oval nuclei (204 diameter to 34x 12u). In some regions the brush 
border is: indistinct but the basement membrane is distinct throughout. The lumen is not 
regular but shows the bulging of the irregular cells of variable thickness. Distally the tubule 
epithelium becomes thinner. On occasion the distal ends of the tubules may be dilated. 


THE SALIVARY GLANDS = 


The salivary glands are a pair of uniform tubules 46, in diameter and at least 7.6 mm. long. 
The salivary glands unite to form a common salivary duct ventral to the cervical commissure 
and slightly anterior to the thoracic ganglionic mass (Fig. 1). From this point the glands pass 
dorsally and posteriorly flanking either side of the “proventriculus” where they loop extensively 
then pass posteriorly on either side of the ventriculus to the abdomen. In the abdomen they 
may pass as fairly straight tubules as far posteriorly as the origin of the malpighian tubules or 
they may pass no further posteriorly than the first two abdominal segments where ee! again _ 
coil extensively. 


In cross section a tubule consists of a single layer of approximately 6 cells which manifest 
a distinct hyaline border beneath a very thin intima. A distinct basement membrane is present. 
Each cell has a small round nucleus 5-64 in diameter. The cytoplasm is deep-staining and 
eranular basally and around the nucleus, but distally it stains lightly and may be vacuolar and 
almost spongy. Vacuolaticn which is frequently seem around the nucleus may be an artifact 
and not of secretory significance. 


The salivary duct passes anteriorly to the head through the occiput then venirally to the 
labial epipharyngeal region. The salivary duct is tubular (274 diameter) lined with thickened 
(2u) chitinous rings and in optical section looks superficially like a small trachea. The external 
surface is studded with flattened, proniinent nuclei 5u in diameter with practically no cytoplasm 
and apparently no basement membrane. Yowards its distal] end (Fig. 1) the duct shows a dilata- 
tion, the salivary syringe or pump, about 0.1 mm. long. The epithelium beneath the somewhat 
thickened and rugose intima is cuboidal (7x 8w wide) with oval nuclei 4x 6m diameter. The 
musculature of the syringe is on the anterior wall consisting of a narrow longitudinal band 
5u wide which runs dorsally to the basal end of the cibarium near the oesophageal sphincter. 
At the posterior end of the syringe an epithelial flap is present which probably aids in the 
control of salivary flow. At its anterior (distal) end the syringe narrows to a duct I5u in dia- 
meter which opens to the anterior through the hypopharynx. 


THE LABELLAR GLANDS 


The labellar glands are two rounded glandular masses about 150, in diameter situated in 
the base of the labellum (Fig. 16). In cross section about ten epithelial cells are arranged about 
a central lumen. Toward the lumen the cells are spongy and vacuolar, and basally the cytoplasm 
is dense-staining and granular. The nuclei are large (124) and a basement membrane is ap- 
parent. The lumen. connects with a duct 6u in diameter which opens to the exterior at the 
distal end of the labrum. 
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SUMMARY 


Muscoid flies usually have alimentary tracts with the following characteristics: a helix-like 
coiling cf the ventriculus, a proventricular valve within the cardia (a true proventriculus present 
in most other insects is absent in* muscoid flies), a peduncujate crop and a rectal valve. 
H. brassicae possesses all of these structures; although some muscids such as Glossina (31) and 
Philaematomyia (22) do not have cither the helix or the rectal valve. 


The musculature varies considerably, correlated with the functions of different regions of the 
tract. Whe epithelial cells show variations, which are probabiy correlated with their cellular 
activity. Iwo types of secretion are probably present, vacuolar budding of cytoplasm and granular 
secretions. The peritrophic membrane is formed in the ventricular portion of the “proventri- 
culus”. The complexity of the rectal valve suggests that it is more than merely a device for 
assisting the passage of the peritrophic membrane. 
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LEGEND 

a == annulus pt = proventricular flange 

aby = abdominal ventriculus ph = pharynx 

ain = anterior intestine phel = post-helicoid region 

an = anus pin = posterior intestine 

ar = anal rectum pm = peritrophic membiane 

b = brain po - posterior orifice 

brm = basal ring muscle poes = proventricular oesophagus 

c = crop pr =F proximal loop 

cd = crop duct prov proventriculus 

cm == circular muscle pst pseudctrachea 

d = duct rp rectal pouch 

ea a annular pad rpa rectal papilla 

ep = epithelia rval rectal valve 

fr = food remmants sd Salivary duct 

hel = helicoid region sec secretion 

in = intima sg Salivary gland 

is — intercellular space SS salivary syringe 

Im — longitudinal muscle t trachea 

mt == malpighian tubule tv thoracic ventriculus 

ng — nerve ganglion Z zone of junction 

oes — oesophagus 
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Fig. 1. The alimentary canal, lateral aspect, diagrammatic. 


Fig. 2. The “proventriculus”, sagittal section x 245. 


Fig. 3. The annular pads showing the formation of the peritrophic membrane from the secretion 


of the dark-staining pad cells of the “proventriculus” x 975, 
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Fig. 4. Showing the theracic ventriculus (tv) the crop duct (cd) and the salivary gland (sg) 
cross section x 90. 


Fis. 5. Helicoid region of the ventriculus, typicaily cuboidal cells with a brush border (br) x 1090. 


Fig. 6. Tall columnar cells of the proximal loop of the ventriculus and the cuboidal cells of the 
post-helicoid region longitudinal section x 1000. 


Fig. 7. The crop longitudinal section x 440. 
Fig. 8. The anterior intestine near the rectal valve, cross section x 440. 


Fig. 9. Thoracic ventriculus, longitudinal section x 1000. 


10. 


11. 


12. 
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Rectal valve, open position sagittal section x 440. 


Posterior intestine cross section x 1600. 
Anterior intestine longitudinal x 1000. 


Posterior intestine distended with food, the space is artificially produced. Cross section x 440, 
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Rectal papilla cross section x 820. 


Fig. 14. 


Rectal papilla longitudinal section x 500. 


ee 


Labellar gland cross section x 440. 
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COCOONS OF SOME SAWELIES THAT DEFOLIATE FOREST TREES 
IN MANITOBA AND SASKATCHEWAN’ 


H. R. Wonc? 


Laboratory of Forest Biology 
Winnipeg, Manitoba 


INTRODUCTION 


This research was undertaken to estimate the value of cocoons as a criterion for the de- 
terminat*on of the families and genera of sawflies that defoliate forest trees in Manitoba and 
Saskatchewan. The study was mainly confined to those insects actually reared by the author. 
‘)bservations of a large number of sawflies reared indicate that the shape and texture of cocoons 
are generally constant for a given species. However, in both natural and artificial environments, 
the shape and texture may be modified by the amount of food, humidity, temperature, and by 
weakening factors such as parasitism. 


Several writers have described sawfly cocoons and noted their habitats. MacGillivray (1913) 
has reported the method by which a number of sawfly larvae prepare for pupation. Rohwer and 
Middleton (1922) have described cocoons of several species of the tribe Cladiini. Frost (1925 gave 
an account on the cocoons and habitats of many leaf-mining sawflies. Schaffner and Middleton 
(1950) published similar information on the most common forest sawflies. In Europe, some of the 
characteristics of sawfly cocoons of a number of species have been given by Balachowsky and 
Mesnil (1935-1936) and Enslin (1912-1918). The descriptions of sawfly cocoons are generally 
meagre, and literature on the identification of sawfly cocoons to family or genus is apparently 
absent. ; 


GENERAL CHARACTERISTICS OF SAWFLY COCOONS 


The cocoons of sawflies that defoliate forest trees are made of silk, or silk with soil, sand, 
leaves, twigs, frass, etc., incorporated with them. Their texture is generally leather-like (firm, 
relatively thick-walled, opaque, and usually polished) or parchment-like (flexible, loosely con- 
structed, thin-walled, polished or dull, and may be translucent). Usually the cocoons have one 
or two walls, with or without small openings in the outer wall. A normally single-walled cocoon 
will be double-walled if it contains a larva.of an ichneumonid parasite. In such cases, the 
second wall is of a very thin parchment-like material (e.¢. Mesoleius tenthredinis Morley, in 
cocoon of Pristiphora erichsonii (Htg.)). The cocoons may be of various shapes; they may be 
_fJattened, irregularly oval, ellipsoidal, or tapered at one end. Their surface is smooth. or 
roughened, with the interior generally polished and smoother than the exterior. 


Many species of sawflies that attack forest trees pupate in earthen cells or in rotted wood. 
Species of Acantholyda, Cephalcia, Neurotoma, Tenthredo, Rhogogaster, Empria (Parataxonus) 
and some Amauronematus, pupate in earthen cells in the ground. These earthen cells are 
covered inside with silk or glue which forms a polished surface. On the other hand, species of 
Allantus, Macremphytus, Nematus (Pontania) pupate in votted wood or make thin parchment- 
like cocoons in wood. 


COCOONS OF OTHER INSECTS 


Cocoons formed by some Lepidoptera (e.g., Tetralopha asperatella (Clem.), Meroptera pra- 
vella (Grt.), and Schizura leptinoides (Grt.)) and some hymenopterous parasites resemble those 
of sawflies with which they may be easily confused. Generally, lepidopterous cocoons that re- 
semble those of sawflies are not leather-like, but more of a wool-like consistency. Coarse 


1Contribution No. 31, Division of Forest Biology, ,Science Service, Department of Agriculture, 
Ottawa, Canada. 
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silken strands. or silken strands of irregular texture usually found on the surface of sawfly 
cocoons, are generally absent in the Lepidoptera which form a cocoon (Fig. 1). If the lepidopte- 
rous cocoon is of thin parchment-like material, the obtected pupai case of the moth can be 
seep within the structure (Fig. 2). 


Se 
10MM 


B. Mt Lead 


Fig. 1—10 and 12; dorsal view of cocoon. 1. Tetralopha asperatella (Clem.). 2. Schizura lepti- 

noides (Grt.). 3. Dusona vicina (Prov.). 4. Phobocampe sp. 5. Arge pectoralis (Leach). 

6. Trichiosoma triangulum Kby. 7. Neodiprion americanus banksianae Roh. 8. Monoctenus 

nielliceps (Cress.). 9. Priophorus pallipes (Lep.). 10. Pristiphora erichsonii (Htg.). 12. Pukonema 
alaskensis (Roh.). Fig. 11; end view of cocoon. Amauronematus sp. 
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The cocoons of parasites that resemble sawflies are generally more tapered at both ends 
(Fig. 5). In some parasitic species, however, the cocoon is not so tapered, but a light-ringed area 
is present in this centre (Fig. 4). This ringed area is present and visible also in some, newly 
formed sawfly cocoons, but it later disappears as the cocoons take on a darker hue. The surface 
of parasitic cocoons is generally smooth compared with the roughened. surface of many sawfly 
cocoons. Cocoons of scme parasites are also composed of a thin, transparent, parchment-like 
material, but the enclosed parasitic larvae can be easily distinguished from sawfly larvae. 


SPECIFIC CHARACTERISTICS OF COCOONS ACCORDING TO FAMILIES 


In this paper, the classification of sawflies follows that adopted by Ross (1937), and Ross, 
Ries, Middlekauf and Stannard (1951). Those sawflies which construct cocoons, and which de- 
foliate forest trees, belong to the families Argidae, Cimbicidae, Diprionidae, and Tenthredinidae. 
The following is a description of the cocoons of genera and species of these families, reared by 
the anthor. 


ARGIDAE 


In this family, Arge is the only genus associated with forest trees. The cocoons are roughly 
oval with double walls (Fig. 5). The outer wall is dull, and is either netted or has small irre- 
vularly spaced openings on the sides. The inner wall is dull parchment-like, and may be either 
separated from or adhering to the outer wall. Colour buff to brown. Length 10-15 mm. 
Hosts of species reared: birch, hawthorn, willow, poplar, alder, rose, and cherry. Cocoons are 
spun in leaf litter on the ground. Species reared: 4. pectoralis (Leach) and dA. clavicornis (F.). 


CIMBICIDAE 


The cocoons are generally single-walled, shining, leather-like, and cylindrical with rounded 
ends (Fig. 6). If the cocoon is dissected, a partial second wall may sometimes be present. This 
second wail is more evident in cocoons of Zaraea. Colour reddish-brown to black. Length 13- 
22 mm. Hosts of species reared: willow, poplar, honeysuckle, cherry, alder, birch, elm. and 
saskatoon. Cocoons are generally constructed in leaf litter and topscil. Species reared: Zaraea 
inflata Nort.. Z. americana Cress., Trichiosoma triangulwm Kby., and Cimbex americana amer 
icana Leach. 


DIPRIONIDAE 


Neodiprion and Monoctenus were the only genera reared in Manitoba and Saskatchewan. 
Cocoons of Diprion, including its subgenus Gilpinia, reared in Eastern Canada, were also ex- 
amined. The cocoons are single-walled, leather-like, shining, and ellipsoidal (Fig. 7). The only 
exception is found in Monoctenus, where the cocoons have double walls and are not shining. 
The outer wall is loosely constructed of coarse silken strands, with particles of earth adhering 
lo it; the inner wall is leather-like, shining, and cylindrical with rounded ends (Fig. 8). The 
only significant difference noted between the genera with single-walled cocoons is that cocoons 
of Diprion similis (Htg.) appear to be more robust and have thicker walls. Colour buff to 
reddish-brown. Length 6-12 mm. Hosts of species reared: pine, spruce, cedar, and juniper. 
Cocoons are constructed among the needies on the twigs, and in litter and topsoil. Cocoons 
of Monoctenus were formed usually in the soil. Species reared: Neodiprion abietis (Harr.), 
N. swainei Midd., N. nanulus Schedl, N. americanus banksianae Roh., N. virginiana Roh., 


N. americanus dyari Roh., and Monoctenus melliceps (Cress.). 
) 


TENTHREDINIDAE 


Cocoons of the Tenthredinidae, which is the largest family of sawflies, showed the greatest 
Variation in shape, texture, colour, size, and habitat. Unlike those of the other families, the 
larvae of Tenthredinidae feed on either deciduous or coniferous trees. Cocoons in the genera 
Nenatus and Amauronematus may be single- or double-walled as explained in the following 


pages. 
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The species of the tribes Nematini and Cladiini of the subfamily Nematinae cause the greatest 
damage to forest trees. Cocoons of the tribe Cladiini are easily recognized by their irregular 
oval shape and paper-thin walls, which are transparent or semi-transparent. Walls may be single 
er double according to the genera and species. These cocoons are about 8-14 mm. long, light- 
brown to brown in colour and are usually attached to a leaf such as birch, willow, cherry, saska- 
toon, or to objects such as the rearing jar (Fig. 9). Species reared: Priophorus pallipes (Lep.). 

It is in the tribe Nematini that the cocoons show the greatest variation. The following de- 
scriptions are of cocoons of the more common genera. 


NEMATUS (PTERONIDEA) Rohwer 


Cocoons may be dull or shining, flattened, irregularly oval, cylindrical with rounded ends, 
or tapered at one end. Cocoons may be made of a leather-like or parchment-like material with 
single or double walls. If single-walled cocoons are dissected, a partial second wall may be 
present as in Cimbicidae. The walls of some cocoons have earth incorporated or adhering to 
them. Flattened and irregularly oval cocoons are usually parchment-iike, semi-transparent, or 
opaque, often with heavy silken strands on the sides. Cylindrical cocoons like N. /yalinus 
(Marl.) are usually leather-like and opaque; those with double walls like N. possibly chaiceus 
(Marl.) may have small openings in the outer wall at one or both ends. Cocoons with one end 
iapered may be made of either parchment-like or leather-like material. Colour: yellow, light- 
brown, brown, dark-brown, or reddish-brown. Length 7-14 mm. Hosts of species reared: willow, 
poplar, birch, maple, alder, and gooseberry. Cocoons are formed between leaves, next to the 
class of the rearing jar, in litter, between litter and soil, and in soil. Species reared: N. pingut- 
dorsum Dyar, N. mendicus Walsh, N. limbatus Cress., N. hyalinus (Marl.), N. ribesiit (Scop.), 
N. possibly chalceus (Marl.), and several species of unidentified N. (Pteronidea). 


NEMATUS (PONTANIA) O. Costa 


Cocoons of species reared have single walls. They are shining, leather-like or parchment- 
like, cylindrical, with rounded ends. The leather-like cocoons resemble those of Pristiphora (as 
explained below), but are smaller. Colour brown or dark-brown. Lenth 5-6 mm. Hosts of 
species reared: poplar and willow. Cocoons are constructed between leaves, on leaves, within 
a folded leaf, between litter and topsoil, and in soil. Cocoons formed in rotted wood or in 
galls are generally thin and parchment-like. Species reared: N. bozemani (Cooley), and N. (Pon- 
iania) spp. 


ANOPLONYX Marlatt 


Cocoons are Gull, cylindrical, with double walls. Soil, leaves, and litter are bound to their 
cuter wall. The outer wall is not readily discernible in some cocoons reared under artificial 
conditions; loose silken strands, however, are generally on the surface, especially at both ends 
of the cocoon. The inner wall is shining, parchment-like. Colour light-brown to brown. Length 
6-8 mm. Host of species reared: larch. Cocoons are formed in litter or between litte: and 
topsoil. Species reared: A. lutetpes (Cress.) and A. occidens Ross. 


PRISTIPHORA Latreille 


Cocoons are leather-like, shining, single-walled.cylindrical, with rounded ends. Coarse silken 
strands are usually found on the surface of coccons (Fig. 10). Colour generally dark-brown. 
Length 6-12 mm. Host of species reared: larch, birch, spruce, and willow. Cocoons are formed 
between leaves, in litter and soil, and in soil. Cocoons of P. erichsonii (Htg.) are sometimes 
formed in old emerged cocoons. Species reared: P. erichsonii (Htg.), P. sycophanta Walsh, and 
Pristiphora spp. 


AMAURONEMATUS Konow 


Cocoons may be dull or shining, flattened, irregularly oval, cylindrical, with rounded ends, 
or with one end tapered. They are generally single-walled with the texture either parchment- 
like or leather-like. Soil adheres to or is incorporated with the walls of some cocoons. If the 
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cocoon has a double wali, it is usually parchment-like. One of the distinguishing character- 
istics of single-walled cocoons is the presence of 3 to 25 pores at one or both ends of the cocoons 
(fig. 11). A partial second wall may also be present in some cocoons of this genus. Colour: 
light-brown, brown, or reddish-brown, Length 6-13 mm. Hosts of species reared: willow, poplar, 
birch, alder, and oak. Cocoons are constructed between leaves, in litter, between litter and 
topsoil, and in soil. Some specics of this genus do not construct cocoons, but form earthen cells 
in which to pupate. Because of the need for revision of the genus, no attempt was made to 
identify the various species of Amauronematus reared. 


PIKONEMA Ross 


Cocoons are single-walled, more or less shining, elongate, with one end rounded and the 
other end tapered to a blunt point. Several layers of silken strands are present at the pointed 
end of the cocoon. Coarse silken strands are usually evident on the surface of the cocoon 
(Fig. 12). Some cocoons may have soil, frass, or leaves adhering to them. Colour dark-brown 
to black. Length 9-11 mm. Host of species reared: spruce. Cocoons are formed in litter and 
topsoil, in soil. and between the needles on the twigs. Species reared: P. alaskensis (Roh.), and 
P. dimmocki (Cress.). 


NEMATINUS Rohwer 


Cocoons are cylindrical with double walls. The outer wall is dull, loosely constructed of 
coarse silken strands with earth and sand incorporated and adhering to it. The inner wall is 
shining and leather-like. Colour brown. Length 8-9 mm. Host of species reared: birch. Larvae 
form cocoons in the soil. Species reared: N. unicolor (Marl.) 


OCROLSUS Leach 


Cocoons are single-walled, shining, irregularly oval, rounded at one end and tapered at the 
other. Loese, silken strands are evident at the pointed end. Colour very dark reddish-brown 
er black. Length 9-11 mm. Host of species reared: birch. Cocoons constructed between litter 


and soil, and in soil. Species reared: C. latitarsus Nort. 


-FLATYCAMPUS Schiédte 


Cocoons are cylindrical, with double walls.. The outer wall is dull, made of coarse silken 
strards with soil incorporated and adhering to it; the inner wall is shining, more leather-like 
than parchment-lixe. Colour brown. Length 7 mm. Host of species reared: poplar. Cocoons 


formed in the soil. Species reared: P. americanus (Marl.). 


HEMICHROA Stephens 


Cocoons are dull, irregularly oval, and double-walled. The outer wall is composed of silken 
strands with earth and sand incorporated and adhering to it; the inner wall is thin and parch- 
ment-like. Colour brown. Length 10-12 mm. Host of species reared: alder. Cocoons constructed 
in the earth, between litter and soil. Species reared: H. crocea (Fourc.). 


KEY TO SEPARATE THE PRECEDING FAMILIES 


OE OCINS WELT stm ees (ETS! hy tional) Wires nian eevee idee data. fordsG eee op vaet as teatieaboonnts se eet Zz 
Mteaonstiyy Un LOU ple awiallller BIOs) OY Gay grove eet Va, aM acai eke Serena tegestgeestytdire es aeas 7 
2. Cocoons made of parchment-like material (Fig. 9) ......000c..... Tenthredinidae (In Part) 
Cocoous made of leather-like mmatetiall §. gsc ee shes eran det 8 ok i eke aan ca Cane 3 
mee ewlindrical with rounded ends :..0.:2). 202.03. 8 Sey Cae Nee Fa ats a { 
Not cylindrical, flattened, or with one end tapered (Fig. 12) ..........., Tenthredinidae (In Part) 


fea-2) small openne at one. or both ends. (Fig. 1)... Tenthredinidae (In Part) 


No small openings ARS OTN COs) Ole HM YETCLS ean eet ann tigre oN Na AR NL eS na oe ad ee ae seta aude es 5 
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5. “Leneth 131mm: or tover “(Giga Oy ae (ee ae D 
Length: under 13. mrt. iets GN ie 6 

6 No heavy silken strands on surface; without earth incorporated into make-up of cocoon; 
over 6 mam. an lene this (Me) Be ke te ee eee Diprionidae. (except Monoctenus) — 
Heavy, dark silken strands on surface (Fig. 10); or with earth incorporated or adhering to 
cocoon. on less gelatigo, mamade Maelenotinig ae. shee es ee Tenthredinidae (In Part) 

7. Outer wall cf cocoon netted or with small openings on sides (Fig. 5) 00... Argidae (Arge) 


Silken strands of outer wall of cocoon criss-cross (Fig. 8), or without small openings on sides, 
with or without earth incorporated or adhering to outer wall 


8. Outer wall of cocoon without small openings on side; if silken strands of outer wali criss- 


cross, not associated with cedar or juniper ............... he Na ation hae Tenthredinidae ({n Part) 

Silken strands of outer wall of cocoon criss-cross, associated with- cedar or juniper 

(EOS) ANNs ee eee Proce Foe oh eae tude ee eS en oc OY ea . Diprionidae (Monoctenus) 
DISCUSSION 


In this paper an attempt has been made to characterize the main families of sawflies that 


defcliate forest trees in Manitoba and Saskatchewan, by the study cf the species which spin 
a COCOOL, 


Though only a limited number of specics were examined and many of these were 
reared under artificial conditions, the results show that cocoons within the families Argidae, 
Cimbicidae, and Diprionidae (excepting the genus Monoctenus), are constant as to shape and 
texture. On the other hand, cocoons of the family Tenthredinidae are variable. However, in 
the subfamily Nematinae, cocoons of the tribe Cladiini appear to be constant. They are variable 
in the tribe Nematini, except in the genera Pristiphora, Anoplonyx Pikonema, and Nematus 
(Pontania), where they appear to be constant when the cocoons are formed in litter and soil. 
Though several cocoons of only one species were examined in the genera Croesus, Hemichroa, 
Piatycampus, and Nematinus, their shape and texture also appears to be stable. The greatest 
Variations were found in the genera Nematus, and Amauronematus. 


It is interesting to note that in the case of Pristiphora, the. texture and shape of the cocoon 
constructed by l-rvae feeding on deciduous or coniferous trees were the same. The shape of the 
cocoon will be influenced by its position in its habitat. When larvae use the surface of leaves, 
twigs, or rearing jars for spinning their cocoons, heavy silken strands do not occur on that side 
of the cocooning surtace. ‘The basal shape of the cocoons will generally conform to the shape 
of the surface on ‘hich the cocoon is spun. 


Envirormental conditions may also influence the texture and colour of the cocoon. For 
example, cocoons formed in a dry medium are more lightly coloured than those formed under 
moist conditions. 


Cocoons of sawflies of different families are often similar in shape and texture. However, 
distinguishing characteristics in habitat, host, colour, and size, permit their classification into 
theiz respective families. 
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NOTES ON THE FEEDING OF LARVAE OF THE LARCH SAWFLY, 
PRISTIPHORA ERICASONIT (ATG.) (HYMENOPTERA: 
| TENTHREDINIDAE)’ 


R. J. HERON?’ 
Forest Insect Laboratory, Winnipeg, Manitoba. 


INTRODUCTION 


The larch sawfly, Pristiphora erichsonii (Htg.), is an oligophagous insect which feeds upon 
foliage of Larix. Currently this insect is present in populations of outbreak proportions in 
forested areas of Ontario, Manitoba, and Saskatchewan, and neighbouring regions of the United 
States. In this part of its range, the native host species is Larix laricina (Du Roi) K. Koch. 


General accounts of the biology of the larch sawfly can be found in the writings of Hewitt 
(3), Lejeune (5), Packard (8), and Watson (9). This paper is an account of the larval feeding 
habits and related factors affecting the defoliation pattern, and a consideration of the quantita- 
tive aspects of feeding as revealed by frass studies. 


FEEDING CHARACTERISTICS AND DEFOLIATION PATTERN 


The feeding characteristics of larch sawfly larvae and the resulting defoliation pattern are 
conditioned primarily by the following factors: the ovipositicn habits of the adults; the distribu- 
tion of new terminals in the tree crown; and the light reactions and related behaviour of the 
feeding larvae. 


The ovipositing adult inserts its eggs in the tissues of the newly developing terminal shoots 
at the bases of the soft, partly formed needles. A study of the distribution of the terminal tips 
in the crown (6) has revealed that the largest number of these are found in the central third 
of the crown. A somewhat smaller number of shoots occur in the upper third while the fewest 
are located in the lower third of the crown. 


The numbers of utilized oviposition sites, as revealed by the persistent curled tips, were 
found to have the same distribution. ‘The percentage of available terminals that were sciected 
as Oviposition sites showed a different distribution however. Uhis percentage was found to in- 
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crease {rem the bottoin to the top. Hence, at the time of hatching the larvae tend to be distri- 
buted peripherally in the crown with the greatest concentration being found in the comparatively 
thinly foliated distal third of the crown. . 

The newly hatched larvae do not feed on the needles of the terminal shoot in most cases, 
but move to the whorls of needles on the woody twig proximal to the terminal. The initial 
feeding is confined to the edges of the needles but after the first stadium they consume whole 
needles, working from ihe tip to the base. The larvae are gregarious feeders, several individuals 
from a given egg cluster usually feeding together. on a single verticil. During the first four 
stadia, movement from the site of oviposition is restricted. Such movement as does occur is 
directly associated with feeding activity and this constitutes a migration along the branch to 
ward the main axis with the destruction of each verticil of needles contacted. The fifth instar 
larva is more active and its greater foliage consumption necessitates increased foraging. 


The movements of larvae on the tree are conditioned to a considerable extent by their 
photic responses. This is especially true of the more active fifth stage larvae. Under the con- 
ditions of a two-light experiment, fifth stage larvae were found to exhibit a strong photo- 
positive behaviour. This was true of larvae preconditioned in either the dark or light and of 
both fully fed and partially starved individuals. The reactions of larvae of the earlier stadia 
could not be reliably Cetermined due to their restricted movement particularly when on a plane 
surface. When fifth siage larvae were placed individually on the proximal portion of a branch, 
in almost all cases, they moved distally to the extremity of the woody twig. If this was stripped 
of needies, they retraced their paths and proceeded out on one of the laterals, invariably toward 
the light source. Feeding did not commence until the larvae reached the peripheral whorl of the 
lateral. 


As a consequence of the ovipositional habits of the adult and of the photo-positive behaviour 
of the larvae, the extremities of the individual branches and of the crown are always defoliated 
first. Defoliation in a larch stand is first evidenced by the appearance of the stripped upper 
crowns. The extent of feeding within a given stand often appears exaggerated due to the con- 


spicuous bare tops. Actually only a relatively small portion of the foliage may have been de- 
stroyed. 


FRASS STUDIES 


Larch sawfly feeding was studied quantitatively by measuring the ftrass yield throughout 
‘development. Groups of larvae, each from an individual egg cluster, were reared separately. 
They were reared under insectary conditrons and were provided with a continual supply of 
fresh foliage. The frass produced was collected at intervals of two days or less, oven-dried, and 
weighed. 


In Table I are presented tne data on the relative frass yields of each instar. It was necessary 
to bulk the frass of the first two instars due to the limited sensitivity of the balance used. The 
data in this table are based on rearings of fourteen groups of larvae. Initially these groups 
comprised about thirty larvae. During the last two larval stadia this number was reduced to 
approximately ten larvae per group. , 


Table I 


RELATIVE FRASS YIELD OF EACH LARVAL INSTAR 


Duration of o/o of Total Frass 
Stadium in Yield —Dry Wt.(Mg.) 
Instar Days 
Mean Range Mean S.D. of Groups 
fe 8 5 20 ho 0.5 
U1 3 wr) oa a 
IV %y el 15.3 10.8 
Vv 9 allie 81.0 10.8 
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It is apparent from: these data that by far the greatest amount of feeding occurs during the 
final Jarval stadium. This is due in part to the longer duration of the stadium but it is also 
a result of the accelerated rate of foliage consumption. This is illustrated by the information 
in Table II where figures for the absolute frass yields are presented. 


Table. It 


ABSOLUTE FRASS YIELD OF EACH LARVAL INSTAR 


P. erichsonii (Htg.) D. hercyniae (Htg.) 
(Data of Morris, 1949) 
Total Dry S.D. Dry Wt./ Se: Total Dry’ Dry Wt.; 
Instar Wt. /larva of larva /day of Wt. /larva larva/day 
(me.) Groups (mg.) Groups (mg.) (meg.) 
J o8c. IT 3.6 1.8 0.8 WES) 9 25 
ILI 6.3 2.8 By ghia? 0.8 18 6.0 
IV 38.5 Dona 8.9 2:8 56 12.4 
Vv ey e220 65.9 265 6.1 292 32.4 
Total Oe i - e CED fe nu reenae tek 


As a consequence of this disproportionate distribution of activity, defoliation does not become 
apparent, even in a heavy infestation, until the larvae are near maturity. Reports on other de- 
foliating insects, (Difrion hercyniae (Htg.) (7), Malacosoma disstria Hbn. (4)), indicate that 
a similar large proportion of the feeding occurs during the final stadium. The data of Morris 


for the European spruce sawfly, D. hercyniae (Htg.), are included in Table II for purposes of 
comparison. 


A limited study was conducted to determine the relation of frass production to foliage con. 
sumption. A few fifth stage larvae were allowed to feed on a known number of measured needles 
(mean length — 17.5 mm.). The frass pellets produced were counted, oven-dried, and weighed. 
From this information it was calculated that each milligram of dried frass represented the con- 
sumption of 1.6 needles (average length 17.3 mm. and mean dry wt. 0.84 mg.). 


Under the conditions in which they were reared these fifth stage larvae utilized ca. 25 per cent 
of the dry matter of the foliage consumed. Fifth stage larvae are somewhat wasteful feeders due 
tc their incomplete iastication and digestion of the ingested needles. Therefore, the actual 
over-all utilization of all stages is probably somewhat higher than this. Food utilization (dry 
wt. basis) of other phytophagous insects, as reported in the literature, is in most cases in the 
neighbourhood of 35 per cent for the total development period of the larval stages (1, 2). 


ee! 


From these data it was further calculated that the total mean frass drop of 271 milligrams 
(dry wt.) per larva represented the consumption of 363 milligrams (dry wt.) of needles. This 
is not to be accepted as an absolute value but rather as a representative figure indicating the 
erder of magnitude. It would be subject to considerable deviation under differing circumstances 
due to such varying Lictic and physical factors as differences in the foliage and temperature 
fluctuations. This limitation must necessarily be borne in mind in the use of such data as a 
basis for population measurement, the logical application of such information, 


SUMMARY 


The feeding habits of larvae of the larch sawfly, Pristiphora erichsonit (Htg.), are described. 
The resulting defoliation pattern of the host is related to the ovipositional habits of the adult 
insect, the photic responses and relative behaviour of the larvae, and the growth characteristics 
of the host tree. 
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Quantitative data on frass yield for all larval stages are given. Approximately 80 per cent 
of the frass-drop occurs during the fifth (final) larval stadium. Data concerning the quantitative 
relationship between frass yield and foliage consumption are presented and discussed. 
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NATURAL CONTROL OF TABANIDAE (DIPTERA) IN THE REGION 
OF CHURCHILL, MANITOBA’ 


H. G. JAMES’ 


Dominion Parasite Laboratory, Belleville, Ont. 


INTRODUCTION 


During the short, sub-arctic summers at Churchill, Manitoba, biting flies of the family 
Tabanidae often occur ir such numbers as to cause considerable annoyance to man as well as 
animals, particularly in the bush. In common with mosquitoes and black flies, the importance 
of these pests has been recognized and already much effort has been directed toward studies 
of their biology and control. 


In 1947 Twinn et al. (3) investigated biting flies at Churchill and later published a preli- 
minary account of the Tabanidae in this area. During the mext two years these studies were 
continued by Miller (2), who recorded two natural cortrol agents, namely, Diglochis occidentalis 
(Ashm.), a chalcidoid parasite of Tabanus spp., and Prionocera dimidiata (Lw.), a tipulid 


1Contribution No. 2962, Division of Entomology, Science Service, Department of Agriculture, 
Ottawa, Canada. The results herein reported were obtained by the Division of Entomology in 
a program of studies on the biology and control of bitting flies being carried out on behalf of the 
Defence Research Board and with the co-operation of that organization and other agencies. This 
paper was presented at the 88th Annual Meeting of the Entomological Society of Ontario, No- 
vember 13, 1951. 
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predator of the larvze of Chrysops spp. Miller also suggested spiders and lemmings as natural 


o% Parte 
enemies of tabanid adults. In 1949 James (1) reported D. occidentalis from pupae of Chrysops 
spp. and a nematode Mermis sp., from an unindentified species of Tabanus. 


CAPE MERRY 
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Fig. 1. Map of Churchill area showing collection points. 
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The studies on natural control were continued by the writer in 1950 in co-operation with 
Hovsehoid and Medical Entomology, Division of Entomology. The purpose of these studies was 
to assess the importance of the parasites previously recorded and to continue the survey for 
other biotic agents. Accordingly, immature stages of tabanids were collected at several points 
throughout the summer and data on natural control were obtained through dissections and by 
rearing in individual jars and vials. The collections were arranged to coincide as far as possible 
with the seasonal deveicpment of the hosts and particularly with those that would mature 
in 1959. 


Collections were made at three sites (Fig. 1). The first was at the Old Insectary, southwest 
of the military camp; the other two were near Warkworth Creek some ten miles south of 
Churchill, one east of railway marker Mile 499, the other on the west side of the railroad 
200 yards north of Mile 500. 


Eges of Tabanus spp. were found for the first time at Churchill by Mr. J. A. Shemanchuk, 
Household and Medical Entomology, Division of Entomology, near the Old Insectary on August 4. 
The majority of the egg masses were attached to the undersides of leaves of dwarf birch, Betula 
glandulosa Michx. Series of coloured wooden stakes were placed in suitable tabanid habitats 
to attract ovipnsiting females but this method was not effective, one mass only being deposited 
and this upon a yellow stake. On August 8, 14 egg masses were collected from. dwarf birch. 
The eggs were placed in cotton-stoppered vials with damp moss and incubated in the laboratory. 
During the ensuing six days, eggs hatched in all but two of the masses but no parasites emerged 
from anv of the eggs either before or after hatching. Later, the unhatched eggs and numbers 
of first-stage larvae were examined, but there was no evidence of parasitization. 


The first collection of tabanid larvae was made at the Old Insectary and at Mile 499 from 
June 1 to June 16, as soon as the top layers of moss in the tundra-meadow pools had thawed 
out sufficiently. This material, 137 larvae of Tabanus spp. and 84 larvae of Chrysops spp., was 
disseciea within a few days of its collection and no insect parasites were found. However, one 
larva of Tabanus sp. contained 20 small nematodes in the body cavity. 


The second collection was made at Mile 499 from June 16 to Juiy 2 and consisted of 32 
Jarvae and four pupae of Tabanus spp. and 69 larvae and three pupae of Chrysops spp. The 
larvae were taken from a poorly drained bog characterized by an abundant growth of emergent 
plants such as sedges Carex capitatus L., C. aquatilis Wahl., and cotton grass, Eriophorum 
angustifolitum Honck. Throughout this bog were numerous hummocks supporting dwarf birch, 
Betula giandulosa, and dwarf willows, Salix spp. The four pupae of Tabanus spp. were found 
in d2caying humus around the edges of a hummock, the pupae of Chrysops spp. in coarse, wet 
moss within one inch of the surface. Larvae were reared individually in 4-oz. or 8-0z. jars con- 
taining a small amount of damp moss, and food was added as required. Larvae of Tabanus spp. 
fel mainly on snails and the larvae of tipulids; larvae of Chrysops spp., however, obtained 
nourishment. from the moss and organic matter in which they were reared. All pupae were 
placed in 3-inch shell vials containing damp moss, each vial being lightly plugged with cotton. 
The jars and vials were examined daily and the pupation and emergence of hosts and parasites 
recorded. 


By July 18, more than half of the larvae (15 of Tabanus spp. and 38 of Chrysops spp.) had 
pupated. Up to this time there had been no external signs of parasitization. Later, however, 
when the parasite Digioclhis occidentalis began to emerge from the pupae, it was evident that 
some of the larvae had already been parasitized when collected since they could not have been 
attacked in the rearing jars. As a rule, pteromalids parasitize the later stages of Diptera. It is 
not known in what stage tabanids are attacked by D. occidentalis, but there is some evidence 
to suggest attack in the mature larval and the prepupal instars rather than earlier ones. Mature 
larvae and pupae of Tabanus spp. not being available, female adults of D. occidentalis were 
placed in vials with newly hatched larvae of Tabanus spp. and puparia of Pseudosarcophaga 
affinis (Fall.). The females appeared to oviposit in the puparia but did not respond to the newly 
hatched larvae. 
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The total parasitism in this collection was 13.9 per cent of Tabanus spp. and 20.8 per ceni 
of Chrvsops spp. The host pupae from which the parasite D. occidentalis emerged were identi- 
fied frcm the pupil skins and Table I shows the various species of Tabanidae that were repre- 
sented. In general the parasites emerged about one month after the host larvae had pupated. 


TABLE I 


TABANIDAE PARASITIZED BY D. OCCIDENTALIS IN THE SECOND COLLECTION 
AT MILE 499, NEAR CHURCHILL, MAN., 1950. 


No. Dates Dates of 


Species of larvae of parasite 
and pupae pupation emergence 
Tabanus affinis Kby. ] July 2 August 7 
T. frontalis-septentrionalis complex 3 June 28—July 12 August 10—12 
Tabanus sp. 1 July 12 _ 
Chrysops frigida OS. 2 pully sO tee August 5— 7 
C. furcata Wk. 3 June 28—July 6 August 4— 6 


Chrysops spp. 10 June 28—July 10 August 4 


A third collection, including both larvae and pupae, was obtained later in the summer. 
At Mile 500, 23 larvae aud 18 pupae were collected from July 1 to July 8, and at the Old In- 
sectary 8 larvae and 15 pupae were obtained from July 12 to July 21. he larval habitat in the 
muskee at Mile 500 was similar to that at Mile 499 but was smaller in extent and less open. 
Situated in part along a drainage ditch, it was bordered on the west by a dense stand of spruce 
and tamarack. During the latter part of the summer, grasses and sedges matured in the ditcn 
and most of the water disappeared. 


In this collection also, there was no external evidence of larval parasites. Later, D. occident- 
alis emerged from the Mile 500 material, from pupae of Chrysops spp. from August 3 to August 
14 and from a pupa of Tabanus frontalis — septentrionalis complex on August 5; also from the 
Old Insectary material, from pupae of Tabanus spp. from August 20 to September 2. The 
agereeate parasitism (12.5 per cent) was less than that of the second collection (18.5 per cent). 
Pupil skins of the parasitized hosts were identified as follows:— Mile 500: Tabanus frontalis— 
septentrionalis complex ( ¢), Chrysops frigida O.S. (29 9), C. furcata WIk. (2 @ @), C. nigripes 
Zett. ( ¢); Old Insectary: T. affinis Kby. (9) and T. frontalis-septentrionalis complex ( ¢ ). 


Results obtained in rearing the larvae and pupae show that D. occidentalis is an important 
factor in the natural control of tabanids at Churchill. In 1950 adults of this species emerged 
on August 3 from the third collection and continued emerging until September 2. Thus, adults 
were present in the field for at least 30 days. It is also evident from the records that the parasite 
emerged sooner from the Chrysops than from the Tabanus pupae; for the former a mean of 
“32 days from the date of host pupation was required; for the latter, 35 days. 


The number of individuals from a host pupa was related to the size of the host. On account 
of their large size more parasites were obtained from. the pupae of Tabanus spp., one pupa 
yielding 110 adults. The average from seven pupae of Tabanus spp. was 45.5; from 15 of 
Chrysops spp. the average was 16.1. | 


SUMMARY 


The natural control of tabanids in their immature stages. was further investigated during 
1950 in the region of Churchill, Manitoba. 
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Although insect parasites were not found by dissection of overwintered host larvae, extensive 
parasitization by the chalcidoid Diglochis occidentalis (Ashm.) was recorded from reared col- 
jections of larvae and pupae. There is some evidence that this parasite attacks the mature host 
larvae. 


No parasites were obtained from the incubation of a small collection of eggs of Tabanus spp. 
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EFFECT OF PARENTAL FEEDING ON RATE OF DEVELOPMENT OF 
OFFSPRING OF ‘THE. CONFUSED FLOUR BEETLE, FRIBOEFEW 
CONFUSUM DUV. (COLEOPTERA: TENEBRIONIDAE)* 


E. F. CASHMAN? 


Stored Product Insect Investigations, Division of Entomology, Ottawa, Canada 


INTRODUCTION 


Reynolds (1945) concluded that, within the range of flours containing 60 to 80 per cent of 
whole grain after milling and extracting, the rate of development of the offspring of Tribolium 
destructor Uytten. is @ependent on the food of the parents. If this were true of other species 
in this genus, it would have great practical implications. One would then expect to find the 
populations in a flour mill more or less evenly distributed in suitable breeding spots. An initial 
population could t»uld up in the tailings stock, where the food is ideal for insect growth, and 
development under these conditions would proceed at a maximum rate. Through the mechanics 
of flour milling the newly emerged adults would be transported to various spots in other milling 
units where lodged stock would afford suitable breeding places. Then in milling streams of low 
nutritive value the next generation would develop as rapidly as their parents, and the populations 
in all milling units would therefore approach ihe same proportions. 


1Contribution No. 2951, Division of Entomology, Science Service. Department of Agriculture, 
Ottawa, Canada. 
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The examination cf flour mills discloses that this is not the case. In general, the population 
in any milling unit is associated with the nutritive value of the stock lodged in it. Cotton et al 
(1944) observed that the insect population in smiling units containing food of high nutritive 
value was from Il to 2 times as great as the population in other units containing less nutritious 
food. Reynolds’ results do not hold for Triboliwm confusum Duy. under practical conditions in 
flour mills and this study was undertaken to determine if this was also the case under experi- 
mental conditions in the laboratory. 


METHODS 


The experimenis were conducted in temperature cabinets maintained at 32°C. and 75 per 
cent relative humidity. The variation in temperature was less than + .2°C. All food was taken 
from: single samples of second patent flour and wheat germ. Each individual was allowed one 
eram of food. 


The tests were carried out in desiccators in which constant relative humidity was main- 
tained by sulphuric acid solution after the method of Wilson (1921). At the conclusion of each 
experiment the specific gravity of the sulphuric acid solution was tested. The variation in re- 
lative humidity was usually within two to three per cent of the initial value. All materials used 
as culture media were conditioned by exposure in thin layers in open petri dishes over sulphuric 
acid in desiccators for two weeks. The contents of each dish were thoroughly mixed daily to 
establish equilibrium with the humidity and temperature. 


Two hundred individuals were used in each experiment. Chapman (1919, 1924) has shown 
that excessive handling retards the rate of develooment and increases mortality. Therefore the 
cultures were examined daily at or near the pupal stage to reduce handling to a minimum. 
Stanley (1938) observed that, except on a highly nutritious food, egg eating has a deleterious 
effect on oviposition. The cultures were therefore sifted daily for eggs to minimize loss in 
this way. 


Eges were secured from a large number of edults reared on second patent flour in large shal- 
low pans maintained at the temperature at which the tests were to be run. Preliminary tests 
indicated that the disturbance caused by removing the insects from the flour during the sifting 
for eges resulted in few eggs being laid during the first hour after their return to the flour. 
The adults were therefore left in the flour for three hours and very satisfactory oviposition 
occurred during this period. For purposes of computation the end of the second hour was 
chosen by experiment as the time when the eggs were deposited. 


The duration of the egg stage was determined by the use of an interval-timer (Gray, 1946). 
This device provided a means of determining the hatching time on a hourly basis or at shorter 
intervals if desired. Aside from the setting, and the winding of the clock mechanism, the 
Opeiation was automatic, and the counting could all be done at one time at the conclusion of 
the hatching. The success of this device deperds uper: the habit of the newly hatched larvae 
of 7. confusum of crawling through the wire screen. After the thorax has passed through, the 
larva is unable to support itself end falls to the greased recording chart below. 


Iwo hundred first-instar larvac from parents reared on 0 per cent wheat germ in second 
patent flour were placed in each culture medium, namely, 0, 14, 2, and 5 per cent wheat germ 
in second patent flour, as represented in Table 1 by 1, 2, 3, and 4 respectively. Fuirst-instar 
larvae of the next generation were then transfcired independently to each of the media, giving 
16 further cultures (e.g., 1 represents the parental generation of 1A, 1B, 1C, and 1D). The rate 
of development from the time the eggs were laid to the emergence of the adults was recorded 
in each case. The sexes were noted, but since they showed no significant difference in rate of 
development males and females are not separated in the summaries. 
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RATES OF DEVELOPMENT OF PARENTS AND OFFSPRING OF TRIBOLIUM CONFUSUM ~ 
DUV. REARED ON DIFFERENT PERCENTAGES OF WHEAT GERM IN SECOND 
PATENT FLOUR 


Percentage of Wheat Germ 


Expt in second Patent Flour Development 
No. Food of parent Food of Average of period, days Total Mortality 
larvae and adulis offspring Larva Pupa Eggs % 
wy: 0 0 18.87 5.64 4.24 28.79) Fae 8.5 
1A 0 0 18.84 5.52 4.21 28.60) 10:5 
1B 0 ly Lona 5.46 4.19 28.84 7.0 
1C 0 2 je) Osteen 0) 229, 4.26 29.09 13.0 
1D 0 De 16.52 bak aie 26.21 6.5 
ae 0 ly 17.65 BED ele 27.44 10.0 
2A Vy 0 -18.54 5.54 4.15 28,22 12.0 
2B YY yy, Leo DEy2 4.18 2TAG Ves) 
2C Vy 2 17.38 5.50 4.12 27.02 7.0 
2D yy 5 16.48 5.49 4510 26.11 6.0 
a 0 2 17.81 5.55 sel) 21.007 8.5 
3A 2 0 18.28 5.61 a) 28.06. 5.0 
3B 2 Vy 7.27 5.65 AAG 27.09 7.5 
3C 2 Dee 16.83 5.56 4.21 26.56 6.5 
3D 2 5 16.63 5.48 4.13 26.28 20 
ae 0 Boat) ie 5.66 an a8) Pegs 11.0 
4A 5 0 17.95 BAG! 4.22 21:00) 6.0 
4B 5 Vy 17.38 5.46 4.19 27.07 9:5 
4C 5 2 16.89 Dees) aol 26.51 11.0 
4D ‘D) 5 


16.43 Bel gel 26.13 3.5 


*1, 2, 3, and 4 represent four lots of 200 individuals from parents reared on 0 per cent wheat 
germ in second patent fomr. IA, IB, IC, and ID represent the offspring of I, etc. 


**These figures are not included in the analysis since mould invaded the cultures before develop- 
ment was complete. 


Fisher’s ¢ test was used to compare the results, and Table 2 shows the values of ¢ for com- 
parisions made in the text. 
Tab Let22 


VALUES OF t FOR COMPARISONS MADE IN TEXT BETWEEN AVERAGE LARVAL 
PERIODS IN TABLE 1 


Expt. 1A 1D 2A OB 2D 3A 3C 4A 


1D Wide 

2D 38 1 bia 

3D Loe 

4B oH! 

4C ae 

4D 5 IAS Fate 
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RESULTS AND DISCUSSION 


The results of these experiments indicate that parental food does not affect the rate of 
development of offspring of the confused flour beetle. Whether parents were reared on a diet 
containing a low or a high percentage of wheat germ, the rate of development of offspring was 
dependent on the percentage of wheat germ in the diet on which the offspring were reared. 
Larvae developed at a greater rate when they were reared on 5 per cent wheat germ than they 
did when reared on 0 per cent, regardless of whether their parents had been reared on 0 per 
cent (compare 1A and 1D), 1% per cent (compare 2A and 2D), 2 per cent (compare 3A and 
31D), or 5 per cent (compare 4A and 4D). Offspring reared on the same diets developed at 
approximately the same rate whatever the diets on which their parents had been reared 
(compare 1D and 2D, 2B and 4B, 3C and 4C, 2D and 4D). 


In experiments on two other insects infesting stored products, the cigarette beetle, Lasioderma 
serricorne (F.), and the drug-store beetle, Stegobium paniceum (L.), Fraenkel and Blewett (1943) 
found that they would develop normally on diets in which other stored product insects would 
not. This difference was attributed to the presence of intracellular symbionts which supplied 
the necessary vitamins for growth. It is, therefore, possible that micro-organisms present in the 
species used by Reynolds contained sufficient vitamins to enable the offspring to develop at 
an increased rate during the early immature stages. his may account, in part, for the dif- 
ference in results. Reynolds, however, suggests that the parental food affects the offsprings in 
a physiological manner, rather than by the genetic inheritance of food preference, and that 
the nutritive value of the yolk is partly responsible for this acceleration. No experiments were 
conducted to show that this is likely. 


REFERENCES 
CHapMAN, R. N. 1919. The confused flour beetle (Tribolium confusum Duval). In Seventeenth 
Report, State Entomologist of Minnesota, pp. 73-94. St. Paul, Minn. 


CHAPMAN, R. N. 1924. Nutritional studies on the confused flour beetle, Tribolium confusum 
Duy. J. Gen. Physiol. 6: 565-585. 

Corron, R. [., Batzer, A. I., and FRANKENFELD, J. C. 1944. Control of mill insects. American 
Muller 72241, 99-100; 110, 

FRAENKEL, G., and Biewetr, M. 1943. ‘he vitamin B-complex requirements of several insects. 
Biochem, J. 37: 686. | 

Gray, H. E. 1946. A comparison of certain phases of the biology of the flour beetles, Triboliuyi 
castaneum (Hbst.), confusum Duv., and destructor Uytt. Ph. D. thesis. University of Min- 
nesota. 


Rerynotps, J. M. 1945. On the inheritance of food effects in a flour beetle, Tribolium destructor 
Uytt. Proc. Roy. Soc. B, 132: 438-451. 


STANLEY, J. 1938. The ege producing capacity of populations of Tribolium confuswm Duy. as 
affected by intensive cannibalistic egg-consumption. Canadian J. Res., D, 16: 300-306. 


Witson, R. E. 1921. Humidity control by means of sulphuric acid solution. J. Ind. Eng. 
Chem. 13:20-31. 


eum Gites 


A STUDY OF TURNIP ROOT MAGGOTS IN ONTARIO 


JOHN OUGHTON 


Department of Entomology and Zoolog 
Ontario Agricultural College 
. Guelph, Ontario 


For more than fifty years, entomologists in the United States, Great Britain and Canada 
have studied the maggots that infest cruciferous crops. Out of their work have come contro! 
measures beneficial to the grower of radishes, cabbages and cauliflowers. Nothing, however, 
has yet been found of much use in connection with turnips (rutabagas) — a crop of some 
importance in Ontario and in eastern Canada. 
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Herein is reported part of the studies on turnip root maggots carried on at the Ontario 
Aericultural College in 1950 and 1951. Seasonal changes in the numbers of maggots infesting 
turnips are recorded and methods of comparing the root damage caused by these pests are 
discussed. It is hoped that this information will provide data of value for others in arriving 
at some practical means of control. 


Methods ‘ j 


Two farms were studied in 1950; and two different ones in 1951. It would have been better 
to have used the same two throughout but this was not possible. Al! four farmers had grown 
this crop previously. ‘The variety used in each instance was Laurentian. 


dias ate jel 


CERTAIN DATA ON THE FOUR ONTARIO FARMS USED IN THIS SURVEY 


Area of Sowing Harvest 


Year Farm County field used dime started Remarks 

1950 va\ Wentworth Plot in field May 24 == The first planting was disked 
up and re-sown; a small plot 
was lett for our use. The sur- 
rounding field was sprayed 
once with parathion.* 

1950 B Wentworth 2 acres May 31 mid Oct. One (or two?) sprays of para- 
thion and DDT.* 

1951 C Oxford 2. ACES June 1 .early Sept... No msecticide= used: 

1951 D Wellington 4 acres May 19 Aug. 30° “Two parathion sprays (for 
flea beetle control) in early 
jJune.* 


Samples of turnips (generally 50 roots per field per week) were cbtained periodically from 
each field. The roots were taken at equal intervals along diagonal lines running across the 
field. ‘Ihe turnips were brought back to the laboratory where they were measured, examined, 
peelea and sliced. All maggots found were preserved for later identification and enumeration. 
During the second year more detailed records were kept of the weather and of surface root 
injury. 


Root Maggot Fauna 


The larvae of three species of the family Anthomyiidae were found commonly in turnips. 
Flylemya. brassicae Bouché, the cabbage maggot, was the dominant species and the main cause 
of economic damage to the turnip crop. It has received most attention in this report. Hylemya 
cilicrura (Rond.), the seed corn maggot, and Hylemya trichodactyla (Rond.) are treated as one 
species complex in this paper, since only adult males of the latter two species could be separated 
by the present author. 


Lhe larvae of H. cilicrura-trichodactyla were relatively abundant in June and July. They 
caused some economic loss, either by destroying seedlings or by disturbing the root system. 


*All sprays were applied by the farmer. It was impcssible to get exact details. Approximately 
1 lb. of parathion (15% w.p.) was applied per acre in A, B, and D in 80-100 gallons of water. In 
addition on farm B approximately | lb. of DDT (50% w.p.) was included in the spray per acre, 
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Wkarb lies Li 


THE RELATIVE .ABUNDANCE OF LARVAE OF H. CILCRURA-TRICHODACTYLA 
EXPRESSED AS A PERCENTAGE OF THE TOTAL NUMBER CF ROOT MAGGOTS; 
THE REMAINDER IS A. BRASSICAE. 


Months Farm A Farm B Farm C SS Farm’ D 

June & July 29 62 35 35 

August 18 16 0 3 

Sept. & Oct. No sample 0.6 0 0.8 
a bil eo TET 


THE AVERAGE NUMBERS OF LARVAE OF FH. CILICRURA-TRICHODACTYLA 
PER SAMPLE OF 50 TURNIP ROOTS 


Months Farm A Farm B Farm C Farm D 
June 25.0 0 0 
july 28.5 520, 26.6 23.5 
August 5.3 2 oe) ) 0.8 
September no sample 1.0 0 2.6 
October no sample 0 0 1.0 


Brooks (i951) stated that “On cruciferous plants the maggots [of H. cilicruca-trichodactyla | 
begin to appear late in June, becoming common in August. After the middle of September, 
very few specimens of cilicrura or trichodactyla can be tound on these hosts.” 


As may be seen from Tables Ii and III, the results from the four Ontario farms do not 
agree with this statement. Both relative to H. brassicae and from the standpoint of absoiute 
numbers, the seed corn maggots were most abundant in July. 


Population Curves (Graphs 1 and 2) 


Description 


There were moderate numbers of larvae of H. brassicae present in the early season. In 
A, C and D, these were smaller in early August. Thereafter A & C remained small, while B and 
D rose to seasonal maxima, dropping in September and October. 


Validity 


In order to obtain valid figures to represent a standing population of such insects it is 
necessary to have adequate sampling, both of the host plant — turnip, and of the root maggots. 


' The reot sampling, although not strictly random in nature, was good enough for the 
purpose, I believe. As for sampling the maggots — it was possible to obtain all or nearly all 
of the larger third instar maggots from the roots. Many of the first and second instar maggots, 
which are quite small, were probably overlooked. As the same two workers collected these 
maggots in 1950, and 1951, it was expected that the resulting figures were of comparable value. 
The absolute populations of root maggots in the four fields under investigation would, of 
course, be greater still. 
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Interpretation of curves 


These graphs represent the net gain by recruitment of new larvae which have hatched from 
freshly deposited eggs, over loses incurred by predation and disease and still more by maturing 
and consequent emigration out of the root into the soil in order to pupate. 


As far as we know at present, the major natural losses in the life cycle occur in the egg 
stage (mite and beetle predation?) and in the puparial stage (largely caused by a staphylinid : 
parasite). Mortality during the three larval stages represented in the curves would seem 
to be slight. : . 


Why are there, in the case of B and D, great numbers in the late season but not in the case 
of A and C? Perhaps A should be ruled out of our immediate argument since it was a very 
small plot saved out of a larger field. wo features concerning D may go part way in attempt- 
ing an explanation of its great maggot population. ‘The two parathion sprays used in early 
season 1nay have upset its maggot-predator-parasite balance. It was slightly more distant from 
other turnip fields, than was C, or in fact A or B. 


Clearly cut broods are not shown by these curves. There is a suggestion of two broods 
occurring on turnips — one in early season on all four and one in late season on B and D, but 
failing te develop in A or C, 


D } E . Snr * 
Root maggot damage to turnips 

From Table IV and from Figures 1 and 2 some idea of the scarring and burrowing 
in turnips caused by the three species of root maggots may be obtained. By harvest time, in 


fact, it was difficult to find in this field a turnip unaffected by maggots. On the average, by 
Aug. 30. one sixth of the turnip surface had been scarred. 


Table IV 


FARM D: MAGGOTS AND THEIR DAMAGE TO EARLY ‘TURNIPS 


Aver. no. OCT Te 
dver. diam. of root surface % no: Of Aver. no. 
Date — of root maggot area turnips of maggots Remarks 
(1951) in inches burrows injured injured (all spp.) 


per turnip by maggots by maggots ptr turnip 


June 15 1/16 not recorded 6 16 
20 1/8 W) 0 0 0 
27 1/4 not recorded 24 O04 
July 5 Wi not recorded 34 V2 
12 1 Nt 6.1 62 Tet 
19 2 Bae 12.6 70 0.5 
26 23) ce Oe 18.8 86 1.0 See photo 
JEN Mag 4 3-1/2 3.8 13.9 88 0.4 
9 3-3/4 ou 17.0 84 0.2 
16 3-3/4 6.0 16.9 92 aut 
25 f-1/4 (12.9 14.0 100 9.5 See photo 
30 5 16.3 16.6 98 Sal Harvesting 


started 
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Discussicn 


In determining the efficacy of root maggot control given by an insecticide, it is necessary 
to use some index which somehow enumerates the root maggots or their effects. Such an index 
should be easy to obtain and to standardize and should convey a great deal of information. 


To consider a hypochetical case (see Table V): If we had decided to use an insecticide to 
control ihe late season population (the economically important phase) of maggots on Farm D 
in 1951, we might have applied our insecticide on July 12. This is the way the results for our 
check would have appeared. 


Ara bibesWM 


HYPOTHETICAL EXAMPLE FARM )D 


ACT TO: Off Aver. % area hy Oe Oyh 
Date root maggot of root Lurni ps AWA TOS Of 
(1951) burrows per injury by injured by maggots (all 
Lirntp mazeols maggots spp.) per root 
uly, 12 Pa 6.1 62 (Nit 
Aug. 30 16.3 16.6 98 eal 
Ratio of increase 6.8 Ze 1.6 ie9 
The two most expressive indices — number of burrows and of maggots — are the most 


difficult to obtain and to standardize. The other two indices are easier to arrive at and to 
standardize but they do not give as much information. ‘This is especially so if there are many 
young maggots present. These do not cause easily detectable surface damage, yet they are 
economically important. 


SUMMARY 


Larvae of three species of anthomyiids caused damage to turnips in Ontario. Two of them, 
the seed corn maggots, H. cilicrura and H. trichodactyla, injured roots in early season. The 
other species, the cabbage root maggot, H. brassicae, was prevalent throughout the growing 
period. It may cause great economic loss at harvest time. The standing populations varied 
ereatly. There tended to be early season minor peaks followed by either a greater peak or a re- 
cession. Phe effects of sprays and isolation were surmised. Estimates of the root maggot injury 
to the turnips on farm D were given in different forms. It was suggested that the number of 
burrows or of maggois offered the most sensitive index for evaluating the efficacy of controls. 
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EME EPFEC TOF DDT SRRAY APPLICATIONS 
ON ALSIKE SEED PRODUCTION IN SOUTHERN ONTARIO* 


W. E. HEMING 


Depariment of Entomology & Zoology 
Ontario Agricultural College 
Guelph, Ontario. 


The entomological aspects of alsike seed production were given consideration by the Legume 
Research Committee in Ontario first in 1948. Earlier, Arnott (1948), formerly of the Field Crop 
Insect Laboratory, Chatham, had made a preliminary survey of the problem and to him should 
go the credit for discovering the major insect pest of the crop and for much of our knowledge 
of its biology. The 1948-1949 findings were published by Pielou (1950), now cf the Dominion 
Parasite Laboratory, Belleville. The present report is concerned with studies conducted during 
1950 and 1951. 


The principal insect involved is Tychius picirosiris Fab., a curculionid immigrant from 
Europe. The feeding activities of both the adults and larvae reduce seed production. There is 
only one generation each year and by alsike harvest time adult weevils, which will overwinter, 
are beginning to emerge from the soil. No parasites or predators of the insect have been re- 
ported. Other imsects and particularly spittlebugs (two varieties of one species of Philaenius) no 
doubt affect seed formation and maturation. 


- Pielou tested a number of different insecticides in dust and spray form. He concluded that 
‘DDT, as a spray, because of its effectiveness with Tychius and its lack of toxicity to honey bees, 
offered the most promise. It still does, although the value of a number of other materials should 
be investigated. 


EQUIPMENT AND METHOD. 1950. — The experiments involved replicated 14-acre plots 
(W. F. Keith farm, eastern Norfolk County), and a field test (H. A. Porter farm, central Haldi- 
mand County) of greater acreage. In all, 20 long narrow randomly arranged plots were laid out 
in 4 blocks of 5, in a uniform volunteer stand of alsike (Keith). This plan was convenient for 
tractor-drawn equipment, and damage by turning, to the alsike surrounding the area, was re- 
duced to a minimum. The field test (Porter) comprised a long (770 yards), narrow (40 yards) 
piece of seeded alsike with an area of approximately 7 acres. ‘The growth was quite even at 
both ends of the field but. toward the centre it had thinned out somewhat due to winter damage. 


DDT (50% wettable powder) was applied as accurately as possible at the rate of 1 lb. actual 
DDT per acre in 80 gallons of water. Applications were made with a tractor-drawn power spiayer 
(Farquhar Iron Age) equipped with a 134 h.p. pump, a 100-gallon tank, and a 15-foot long, 
height-adjustable, 1)-nozzle boom. A pressure of approximately 100 Ibs. was employed. The 
tank capacity permitted the spraying of 4 similar plots (1 in each block) with one filling. Vreat- 
ments were appJied in late afternoon or early evening when pollinating insects were not active. 


On the Keith plots, the sprays were applied as follows: 


Treatment No. 

Two applications, June 5, and 19. 
One application, June 13. 

Check. 

Two applications, June 5 and 19. 
Two applications, June 2 and 13. 


Or Be oF NO = 


* Pari of the Programme of the Legume Research Committee in Ontario. 
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The Porter alsike was sprayed twice, June 6 and 17. The first open florets were noticed on 
June 2. On June 16,-Tychius counts per 100 net sweeps in untreated alsike were almost 1,700, 
indicating a considerably higher population than in the Keith alsike. 


1951. — Field rather than replicated plot tests were conducted. The locations, acreages, spray- 
ing dates and the amounts of DDT used, are given in Table I. The same equipment, pressure, 
etc., as employed in 1950, were used in spray applications. Untreated areas, adequate in size 
and location, were left for comparisons. No spraying was done until the fields were at least at 
the half-bloom stage and until sizable weevil populations were present. 


Tabie I 


EXPERIMENTAL ALSIKE FIELDS 1951 


Date of Insecticide 
Farm County Acreage Treatments DDT (50% w.p.). 
Keith Norfolk 5.14 Le june 112 ] lb. actual /ac. 
volunteer 2. June 18 
Mowat Haldimand Dae 1 = |umen 1 Ib. actual/ac. 
volunteer 
Fallis Haldimand 4.0 1 aye er ] Ib. actual/ac. 
volunteer 2. June 25 


The seasonal Tychius populations in the fields varied considerably. The Keith field supported 
the largest numbers. On June.16, 100 net sweeps in untreated alsike contained 2,856 adult 
weevils. The Fallis alsike had a population approximately half and the Mowat field about 
one-fifth as great. 


POLLINATING INSECTS. — The records of the Apiculture Department indicated that 100 
or more colonies of honey bees were located between 34 and 114 miles of the Keith alsike. 
Ip 1950, these bees, along with wild pollinators, effected a substantial seed-set. In order to obtain 
maximum pollination im 1951, 20 colonies of bees were placed in the alsike close to the eastern 
end of one of the Keith check plots. Square yard counts of bees were made at intervals by the 
Apiculture Department. These were consistently lower* than in the Keith 1950 alsike when no 
bee colonies were in the field. Repeatedly, bees were observed leaving and coming in to the 
colonies at heights greater than necessary to work the surrounding alsike. Obviously, they had 
mo:e productive necter or pollen sources elsewhere, — probably yellow and white sweet clovers 
which were almost ubiquitous during the summer. Only on 1 or 2 days did the field honey bee 
population approach that of the previous year. 


DDT AND REDUCTION OF TYCHIUS POPULATIONS IN KEITH ALSIKE. — In the 
1948-1949 tests (Pielou, 1950), the timing of spray applications was determined by the amount 
of bloom in the fields, irrespective of the Tychius populations. His conclusion was that “DDT 
applications were most effective if applied in the bud stage hefore appreciable blossom had 
appeared”. This timing plan was followed, with some modification, in 1950. Daily sweeps 
(50 per plot) with a standard insect net indicated, however, that few weevils were present in 
the alsike before blossoming was well started. Until June 11, the Tychius population was neglig- 
ible but on that day movement in numbers into the crop from fencerows, woodlots and pastures 

egan. The first opened florets were observed om June 2 and by June 12, it was estimated that 
the plots were from half to three-quarters in bloom. 


The first spray applications, June 2 and 5, were largely wasted (Fig. 1) as very few Tychius 
were present. Any residual effect was not evident when the weevils began to move into the 
alsike. ‘The later sprays, June 14 and 19, markedly reduced populations for about a week. ‘hese 


* 67 bees per 100 sq. yds. as compared to 90 in 1950 (Apiculture Department figures). 


. 
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reductions would have been more pronounced, perhaps, had the movement of aew weevils into 
the crop not been so rapid. When population increases in the sprayed plots began again, they 
proceeded somewhat more slowly than in untreated areas. Population peaks for the check and 
sprayed (June 13) plots came at the same time, July 4. Peaks for the June 19 sprayed plots 
were reached about 5 days later. Following the attainment of the peaks, decline in all plots 
preceeded rapidly until the crop was harvested. 


1950 EFFECT OF DDT ON ADULT POPULATIONS OF TYCHIUS PICIROSTRIS 
KEITH ALSIKE 
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Fig. 1. Effect of DDT applications cn populations cf Tychius picirostris in alsike clover. Norfolk 
County, 1950. Weather data are shown.* 


In 1951 on the same farm, the first weevils were taken in the alsike on June + but a general 
migration into the crop did not begin until June 10 and 11 (Fig. 2). The first spray was applied 
on Jure 11-12 and the second on June 18. 


At the time of the first spray, weevil counts per 100 net sweeps averaged 1,250. By June 14, 
these were down to 275. The population began to increase rapidly again because of the continued 
movement of new Tychius into the plots and when the second treatment was given, counts of 
almost 900 weevils were obtained. By June 20, the population in treated plots had reduced to 
50. Throughout the remainder of the growing period, the numbers of weevils in the ireated 
plots remained low, newer reaching 200 per 100 sweeps until early in July when there were 
several temporary higher peaks. The author feels that the sprays were well timed for maximum 
weevil control. The greatest population found in untreated alsike was reached on June 16, when 
more than 2,900 weevils wer> taken in 100 sweeps. From that date the population, with minor 
fluctuations, gradually dropped until at harvest time approximately 425 were still present. It 
is quite possible that some of that number were newly emerged adults of the next generation. 


* Prepared by D. A. Arnott from daily sweep count totals from Keith field. 


88 REPORT OF THE ENTOMOLOGICAL \ 


°F 


q DAILY RANGE OF TEMPERATURES 


a iy gt 


DAILY 
4 RA 
INCHES 


3000 ;— a ke | i ..I] : i 


50 
40 


POPULATIONS OF T. PICIROSTRIS 


0 
4 56 7 8 9 10 Il 12 13 4 1S 16 17 18 19 20 2 22-23 24 25 2% 27 2829901 234 5 © 7 8 9 10 1213 4 15 
JUNE 1951 JULY 


Fig. 2. Effect of DDT applications on populaticns cf Tychius pictrostris in alsike clover. Norfolk 
County, 1951. Weather data are shown. Dotted portions of the curves indicate that no 
Sweeps were taken on those days. 


SEED YIELD IN RELATION TO DDT SPRAYS. — Shortly before harvesting began, a 
number* of square yard samples (Table Il) were taken at random from each plot by the Field 
Husbandry Department. The entire plants were cut just above ground level, bagged, dried, and 


Table II 


NO. OF SAMPLES TAKEN FOR THEORETICAL SEED YIELD CALCULA FIONS 


Place Year Size of plots No. of quadrats taken per plot 
Keith 1950 25a; 6 
Porter 1950 A a Ie 10 
IDoac-Gheck 
Keith 1951 1.48 ac. 15 
1.09 ac. Check 
Fallis 1951 Lea: 10 
Mowat 1951 123 ac. 10 


* Considered adequate by the Field Husbandry Dept. for areas involved. 
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subsequently threshed and cleaned. Threshing was accomplished by putting each sample through 
a Kemp small-grain thresher and the stover (straw) through a homemade scarifier; cleaning by 
means of a fanning mill. The estimated per acre yields of clean seed obtained from the 1950 and 
1951 experiments are shown in Fig. 3. 


In both yeats, the sprayed plot yields were highly significantly greater than the unsprayed. 
It is evident after an examination of Fig. 3 that a greater number of factors favourable to seed- 
set, were operating in 1950 than in 1951. The spring in 1951 was late, cool and moist and 
throughout the alsike growing period there was more moisture and generally lower temperatures 
than in 1950. Vegetative growth was marked and some lodging occurred. Another factor which 
undoubtedly interfered with seed-set was the great abundance of the sweet clovers. Honey bees 
and perhaps other pollinators, seemed to find the yellow and white sweet clovers much more 
attractive as pollen and nectar sources. 
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Fig. 3. Seed yields from sprayed and unsprayed alsike in 1950 and 1951. Spraying dates are given 
and the increased) yields due to spraying are shown graphically and as percentages. “C’”’ in 
each case indicates check yields. 


It is interesting to note that, as mentioned earlier, the Tychius population in the Porter 
(1950) was much Jarger than in the Keith alsike. This is reflected in the much lower check yield 
at Porter’s and in the much greater increase in yield from sprayed plots. 


The differences between the treatments at the Keith farm (1950) and at Fallis’ (1951), where 


it would seem that one spray gave better protection than two, are interesting although not 
significant. 


While insecticidal treatments in 1951 did give a percentage increase comparable with those 
of 1950, the practical value of these increases was such that it probably would not have paid 
the growers to spray. 


GROWERS’ SEED LOSSES AT HARVEST. — In Table III a comparison between actual 
and theoretical yields of seed is given for the 1950 experimental areas. 
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Table ar 


SEED LOSSES AT HARVEST, JARVIS AND CAYUGA, 1950 


Calculated yield 


Calculated yield of sprayed & 
Harvest Actual if acreage unsprayed unsprayed acreage 
Place Acreage procedure yield and no harvest loss if no harvest loss 
Keith . 21 Mower-cut bSuibu.es Sibu. se 101 bu.+ 
4 sprayed Cocked 
Stationary 
Dion Thiesher 
Porter 6.4 
4.0 sprayed Mower-cut & 15 Dust si hans: 3A Ue 
windrowed 
Pick-up 
combined 


At both farms, seed losses at. harvest, because of adverse weather conditions after cutting, 
inefficient harvesting machinery or techniques, were in the neighbourhood of 50 per cent. Part 
of the Keith acreage was experimentally harvested and his smaller field (6 ac.), for unknown 
reasons, did not set nearly as much seed as the 15-acre field which was not more than 100 yards 
distant. Thus, his loss at harvest was, perhaps, not as great as it would appear. Rain delayed 
the drying-out of the windrowed Porter crop and part of the windrows had to be turned. Both 
factors would increase shelling considerably. 


SUMMARY. — 1. Under some conditions honey bees prefer sweet clover or other plants to 
aisike as pollen or nectar sources and consequently the recommended numbers of honey hee 
colonies im an alsike field will not, necessarily, insure a geod seed-set. 


2. DDT (50% w.p.) as a spray, applied at the proper time(s), at the rate of | lb. actual 
DDT per acre will control the adults of Tychius picirostris so that, other factors being favour- 
able, satisfactory seed yields can be obtained. 


3. The weevils do not migrate in large numbers into the alsike until there is considerable 
bloom present. ‘Treatment consists of two applications. The first should be applied at the 
“half-bloom” and the second 8 to 10 days later. If only one insecticidal treatment is possiple, 1i 
should be made from 5 to 7 days after the “half-bloom” period. “Half-bloom” is difficult to 
determine and it may vary from year to year. A more accurate description would be when from 
10 to 15 alsike heads in every square yard show some brown basal —— indicating that tertili- 
zation has been efiected and seed development is taking place. 


4. Increases in seed yield following DDT treatment (s) varied from 31 to 289 per cent, the 
yields varying from 1.5 to 8 bushels per acre. 1950 was a better alsike seed year than 1951. 
Even with increases in yield as much as 161 per cent in 1951, the best yields were less than 
200 Ibs. of cleen seed per acre. 


5. Growers’ seed Josses at harvest in 1950, because of adverse weather conditions and ine 
efficient harvesting methods or machinery, amounted to approximately 50 per cent. 
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SUMMARY OF THE MORE IMPORTANT INSECT 
INFESTATIONS AND OCCURRENCES IN CANADA 
IN-195)r° 


C. GRAHAM MacNay? 


Division of Entomology, Ottawa, Canada 


This summary of insect conditions has been prepared from regional reports submitted by 
officers of the Division of Entomology, provincial entomologists, officers of the Division of Plant 
Protection, and university professors. In general, common names used are from the April, 1950 
revision of the list approved by the American Association of Economic Entomologists. Common 
names other than these are accompanied by technical names. ‘To avoid unnecessary duplication, 
forest insect conditions are not included, this insect group being adequately dealt with in the 
Annual Report of the Forest Insect and Disease Survey, 1951, published by the Division of Forest 
Biology, Canada Department of Agriculture. 


Information on weather conditions was obtained from reports submitted by officers of the 
Division of Entomology and from provincial crop reports. ‘The crop production summary 
was taken from the “November Estimate’ of Production of Principal Field Crops, 1951”, Do- 
minion Bureau of Statistics, with data revised to agree with the Bureau’s “Revised Estimate”, 
Feb. 21, 1952. Data for Newfoundland were not available 


SUMMARY OF WEATHER CONDITIONS 
IN CANADA IN 1951 


In British Columbia there was very little rain during the growing season of 1951. In the 
spring, hot and cool spells alternated but cool weather predeminated, retarding growth to some 
extent. July was slightly hotter than average, August cooler, and September normal. The 
temperatures for the season as a whole were somewhat below the long-term average. 


In Alberta, the season was unusually late and seeding was delayed. Rains were frequent, 
perticularly in northern and southern to southwestern areas, but came too late in the south- 
east to help crops that matured too rapidly. Pastures were generally good but much hay was 
spoiled by excessive moisture, and in southern areas there was considerable sprouting of grain 
in swuth and stook. Seed alfalfa was very poor. Severe frosts late in September, following the 


1Contribution No. 2960, Division of Entomology, Science Service, Department of Agriculture, 
Ottawa. Canada. 


2 ditor of The Canadian Insect Pest Review. 
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heavy precipitation, seriously affected the quality of most crops, and a large acreage was not 
harvested. In Saskatchewan, too, seeding was delayed; but surface mcisture was abundant and 
erowth was excellent. Subnormal rainfall prevailed generally throughout May and june but, 
as the temperatures were subnormal, there was little crop deterioration. The weather was wet 
and cool throughout the remainder of the summer, delaying the maturing and harvesting of 
crops to such a degree that, as in Alberta, the crop remained unharvested in many districts, and 
the quality of harvested grain was low. In Manitoba, seeding was late and a severe drought 
occurred from May until mid-August. The period from April 1 to July 31 was the driest since 
1897. A good moisture 1eserve and cool weather until the third week of July prevented a crop 
failure. Germination, however, was spotty and gardens were very poor. Hot weather with tem- 
peratures up to 103° F. caused severe burning of crops and pastures. As in Alberta and Sas- 
katchewan, cool, wet weather throughout the fall seriously delayed harvesting and resulted in 
much sprouting and bleaching of grain, but pastures were restored to good condition. Weather 
conditions in the Prairie Provinces held erasshopper damage to a minimum generally. Wire- 
worm damage was reduced in Saskatchewan, but damage by the pale western Cutworm increased. 
Cool weather and a lack of southerly winds reduced outbreaks of migrating and wind-dispersed 
insects to a minimum. 


In Ontario and Quebec, overwintering conditions for creps were good. April was wet and 
seeding was delayed but by the end of May it was nearing completion in most areas. Except in 
some northern districts, rainfall was generally abundant in June and July, promoting excellent 
erowth of all crops except beans, corn, roots, and buckwheat, all of which, in some areas, re- 
quired more heat. Haying operations, however, were greatly hampered by the frequent rains, 
so that much hay spoiled and much that was saved was of poor quality. Grain harvesting also 
was delayed by rains, especially in eastern and northern Ontario and in Quebec. Yields were 
cood to excellent but considerable discolouration occurred, and in northern Ontario much grain 
was not harvested. Pastures were fair in southwestern Ontario and good to excellent elsewhere. 
New hay seedings developed well, but considerable rot developed in potatoes and tomatoes. 


-In the Maritimes, spring growth was good but cold weather prevailed in northern and eastern 
Neva Scotia. Seeding was delayed by frequent rains in some areas and there was some frost 
damage to tender fruits. Frequent rains continued throughout the season, promoting excellent 
erowth except in parts of Nova Scotia and Prince Edward Island, where excessive moisture re- 
tarded grains. Haying operations were hampered but most of the crop was harvested. Pastures 
continued in excellent condition throughout the season. The apple crop in Nova Scotia and 
New Brunswick was lighter tnan in 1950, and much scab developed as a result of the dull, wet 
weather. There was considerable lodging of grains, harvesting was delayed, and some sprouting 
developed, but yields were about average. Some spoilage of late-cut hay occurred, and in New 
Brunswick potato blight was prevalent. ' 


CROP PRODUCTION SUMMARY FOR CANADA, 1951 


The estimated total acreage of field crops in 1951 was 64.049,000, compared with 62,297,000 
in 1950. Production estimates for grain crops in Western Canada were subject to revision on 
the Gutcome of spring harvesting of wintered-over crops. Surveys showed the following estimated 
percentages of Western grain crops unharvested at December 31, 1951: wheat, 28 (150,000,000 bu.); 
oats and barley, 24 (134,600,000 bu.); flaxseed, 18 (1,552,000 bu.). New records were indicated 
for mixed grains and soybeans, and near-record crops of wheat, barley, hay, clover, and alfalfa 
vere either in prospect or already realized. 


WHEAT. — Canada’s 1951 wheat crop, estimated at 562 million bushels, was slightly more 
than 100 million greater than in 1950 and second only to the record 567 million harvested in 
1928. In the Prairie Provinces the wheat crop was placed at 531 million bushels as against 427 
million for 1950 and the record of 545 million in 1928. However, realization of the estimate 
would be possible only if the unthreshed part of the crop remained in reasonably good con- 
dition and could be harvested without significant loss. Loss in grade was already evident from 
the effects of excessive moisture. However, it was anticipated that the proportion of milling 
grades would be considerably higher than in 1950. 


SOCIETY OF ONTARIO Jo 
gee A Eee a Ea TON tah Le 


OATS. — Production of oats in 1951 was placed at 493 million bushels, 73 million above 
that of 1950 and about 87 million above the ten-year (1941—1950) average. The 1951 crop was, 
however, well below the record 652 million bushels harvested in 1942. Though the oat crop 
in all provinces except the Maritimes- and Manitoba was ereater than in 1950, the most signifi- 
cat increases took place in Alberta and Saskatchewan. 


BARLEY. — The 1951 barley crop, estimated at 253 million bushels, was only slightly below 
the record 259 million harvested in 1942 and exceeded the 1950 and ten-year average ouiturns 
by about 82 and 85 miilion bushels, respectively. Production exceeded that of 1950 in all pro- 
vinces except Nova Scotia and Quebec, most of the increase, as for oats, occurring in Alberta and 
Saskatchewan. 


RYE. — The combined production of fall and spring rye was placed at 18.0 million bushels, 
as against 13.3 million in 1950 and the average of 12.9 million for the preceding ten years. 
Slightly over half of the 1951 crop of rye was produced in Saskatchewan and approximately 
cne-thicd in Alberta. 


OiLSEEDS. — With the exception of sunflower seed, the 1951 production of Canadian oil- 
seeds for which estimates were available was well above 1950 levels. Production of flaxseed was 
placed ai 9.2 million bushels as against 4.7 million for 1950 and the ten-year (1941—1950) average 
of 9.9 million. Soybean production, at 4.4 million bushels, reached a new peak and was appro- 
ximately one million bushels greater than the previous record established in 1950. The rapeseed 
crop, estimated at 7.1 million pounds, was up sharply from 1950 as a result of substantial in- 

creases in both acreage and yicid. Sunflower seed production, on the other hand, dropped from 
9.9 niillion pounds in 1950 to 6.4 million in 1951 as a result of decreases in both acreage and 


yielc. 


MIXED GRAINS. — Production of mixed grains in 195i, though not quite as high ‘as had 
been anticipated, set a new record at 80 million bushels. Ontario, with 59.1 miliion bushels, 
and Quebec with 12.6 million, accounted for the larger part of the 195] record outiurn. 


DRY PEAS AND BEANS. — The 1951 outturns of dry peas and dry beans were Slightly 
higher than in 1950, increased yields for both crops more than offsetting decreased acreages. 
Prceduction of dry peas was estimated at 833,000 bushels as against 812,000 for 1950 and the out- 
turn of dry beans was up from 1,350.000 bushels in 1950 to 1,378,000. 


SHELLED CORN. — Production of shelled corn in 1951 was placed at 15.7 million bushels 
as against 13.8 million in 1959. Except for 135,000 bushels produced in Manitoba, where yields 
were unusually low, all of the 1951 crop was grown in Ontario. 


POTATOES. — Decreased acreages in all provinces and smaller yields per acre in all but 
Manitcba and Saskatchewan sharply reduced the 1951 potato crop from the 1950 level. The 1951 
crcp, estimated at 67.2 million bushels on the basis of field-run yields, was almost one-third less 
than the 97.0 million bushels produced in 1950. In addition, fairly extensive after-harvest losses, 
ranging from 22 to 27 per cent, were anticipated in the Maritimes, one of the major areas of 
commercially grown potatoes. After-harvest losses were also expected to be fairly extensive in 
Ontario and Quebec. 


SUGAR BEETS. — Production of sugar beets was estimated at slightly under one million 
tons, compared with the 1950 record 1.1 million. In Alberta, extremely unfavourable weather 
scriously interfered with lifting the crop, much of which was frozen and left in the ground. 


FORAGE CROPS. — Production of hay, clover, and) alfalfa in 1951 was at near-record levels 
but prelonged wet weather, particularly in Eastern Canada and Alberta, reduced quality con- 
siderably and caused some severe spoilage and abandonment. Consequently, the feeding quality 
of much of the estimated 17 million tons of hay and clover and 3.8 million tons of alfalfa grown 
in Canada in 1951 was lower than normal. Production of grain hay in 1951 was placed at 
2.4 million tons, compared with 1,1 million in 1950. 
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OTHER CROPS. — The 1951 crop of fodder corn was piaced at 5.1 million tons as against 
6.4 million in 1950. Production of buckwheat, at slightly cver + million bushels, was slightly 
higher than in 1950. The 1951 crop of field roots (turnips, mangels, etc.) for live-stock feed, 
excluding the Prairie Provinces, for which data were nct currently available, was placed at 
21.4 million hundredweight, compared with 23.1 million in 1950. 


HONEY PRODUCTION. — The honey yield for 1951 was 40,909,000 pounds, an average 
of 161 pounds per colony, compared with 28,351,000 pounds, an average of 66 pounds per colony, 
in 1950. The yield was the third largest on record. ; 


GENERAL-FEEDING AND MISCELLANEOUS INSECTS 


BEET. WEBWORM. — The beet webworm was of little importance as a pest in Alberta. 
In Saskatchewan it was more abundant than in 1950; infestations of adults and larvae were severe 
in west-central areas, particularly in the Demaine-Dunblane-Macrorie district, and light in- 
festations were present throughout the Province, minor damage occurring on flax at Milden. 
In Manitoba, adult populations were greatly reduced as compared with 1950, and no damage 
was reported. 


BLISTER BEETLES. — Epicauta oregona Horn. caused localized damage to potatoes and 
alfalfa in the Kamloops area of British Columbia. and injury to beets was reported from Cnerry 
Creek. Blister beetles were more abundant than usual in northern Alberta; Meloe ungusticollis 
Say commonly damaged clematis and occurred on potatoes, and Lytta cyanipennis (Lec.) was re- 
ported to have caused appreciable damage io flax in the Peace River district. In Saskatcnewan, 
populations were the smallest in many years. Lytta nuttallii Say damaged caragana at Glenside; 
Lpicauta ferruginea (Say) was reported from Davidson; Meloe sp. damaged clematis at Prince 
Albert, and occurred along with Epicauta subglabra (Fall) in a few alfalfa fields in the White 
Fox district. Epicauta fabricii (Lec.) and E. subglabra occurred in small numbers generally 
in Manitoba, but were abundant on caragana at Morden. Epicauta pennsylvanica (Deg.) was 
present only in small numbers in Prince Edward Island. 


CRICKETS. — Achela assimilis F., usually rare in the Agassiz area of British Columbia, was 
Yery numerous by the end of the summer, which was unusually dry. It was prevalent also in 
erain fields in the Vernon area. In Manitoba, the Mormon cricket and the field cricket were 
scarce, the latter feeding on corn at Gunton, and light infestations of the feur-spctted tree cricket 
were reported from Brandon and Morden. The field cricket was scarce in Prince Edward 1tsland_ 


CHINCH BUGS. — Populations of the chinch bug remained at a low level in Eastern Canada, 
but the false chinch bug was very abundant in roadside vegetation at scattered points in west- 
central Saskatchewan. 


CUTWORMS. — A severe cutworm outbreak in the interior of British: Columbia was con- 
sidered the worst in 45 years. Most of the damage was caused by the red-backed cutworm, 
which, nctwithstanding control measures, extensively damaged a wide range of vegetables and 
some field crops. Strawberries, raspberries, and small fruit trees were also injured. The black 
army cutworm damaged asparagus at Kamloops and barley at Prince George. The bertha army- 
worm occurred on potatoes at Kamloops, and was present in large numbers on alfalfa, potatoes, 
and garden crops in the vicinity of Soda Creek until mid-August, when it was almost completely 
destroyed by a virus disease. The black cutworm caused sévere injury to sugar beet stecklings 
in. the Ladner area. 


In Alberta, severe infestations of the pale western cutworm occurred in localized areas, 
mainly at Armada, Enchant, Bow Island, Winnifred, Schuler, and Milk River. Damage was 
more extensive and severe than since 1946 and 1947, much early-sown grain being completely 
destroyed. The army cutworm caused minor losses in. the Winnifred and Seven Persons distzicts, 
and the wheat head armyworm occurred in the lowest numbers in several years at Taber and 
Turin. The red-backed cutworm was absent in fields and gardens of northern Alberta despite 
an apparent build-up in population during 1950. In Saskatchewan, infestations of the pale 
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western cutworm were again widespread and caused more severe damage than in 1950, when 
damage was more serious than for many years. The most severe damage occurred in west-central 
Saskatchewan in the Milden, Rosetown, Herschel, Stranraer, Kindersley, Wartime, Beechy, and 
Demaine districts. Thousands of acres of crop were destroyed in this area, the loss rangi 
irom patchiness and thinning to complete destruction of the crop on half-section fields. Many 
re-seeded crops were also destroyed. Damage was caused chiefly to wheat, although some losses 
occurred in oats, barley, and flax. Localized infestations resulting in crop losses up to 50 per 
ceili or more occurred in the Hazlet district of southwestern Saskatchewan; the Dundurn, Hanley, 
and Kenaston districts in central Saskatchewan; and the Yorkton, Wroxton, and Kamsack 
districts in eastern Saskatchewan, this area experiencing its first serious outbreak of this cutworm. 
A marked reduction in the infestation throughout the Province in 1952 is predicted because of 
weather conditions unfavourable to moth activity, including oviposition. The red-backed cut- 
werm inflicted damage ranging from slight thinning to about 50 per cent loss in several wheat. 
fieids in the Saskatoon-Floral-Clavec area, and many gardens were completely destroyed. Slight 
damage occurred in northeastern Saskatchewan and about Swift Current in the southwestern 
area. Euxoa detersa (WIk.) occurred along with the red-backed cutwcorm on wheat and spring 
rye, predominating in the more sandy areas, in the Saskatoon-Floral-Clavet infestation. The 
army cutworm infested’ a few fields at Robsart and Vidora in southwestern Saskatchewan but 
did little damage. Climbing cutworms, in general, were of little importance, aithough light 
infestaticns of the fax bollworm were observed at Rosetown and Kindersley in west-central 
Saskatchewan. The wheat head armyworm occurred in very small numbers in west-central and 
southeastern Saskatchewan. The bertha armyworm was mot reported. Cutworms apparently 
caused little injury to field crops in Manitoba, but the red-backed cutworm was troublesome in 
gardens at Brandon; and at Winnipeg, where it was more abundant than for several years. The 
bertha armyworm and the army cutworm were scarce and the armyworm was not reported. 


Reports from Prince Edward, Hastings, and Carleton counties in eastern Ontario indicated 
that cutworms of various species were abundant and very injurious to transplants and seedlings. 
The armyworm did not occur in outbreak form in Ontario. In Quebec, moderate to severe 
cutworm infestations occurred on various crops, including tobacco at St. Jean, and gladioli, 
tomatoes, and crucifers at St. Anne de la Pocatiere. Cutworms were abundant in the Fredericton 
area of New Brunswick, causing much replanting of crops. The dark-sided cutworm and Euxcoa 
declarata decolor (Morr.) damaged 8 to 10 per cent of the fruit in a strawberry plantation 
mulched with sawdust; ether plots were less severely damaged. The fall armyworm damaged 
corn in the Lakeville-Douglas Harbour area. For the second consecutive year cutworms were 
unusually numerous in Nova Scotia and many garden crops suffered severe damage. During May, 
the black and the spotted cutworms were moderately abundant in Kings County. In June, 
Euxoa spp. constituted about 90 per cent and Feltia spp. about 10 per cent of all cutworms 
collected. The fall armyworm was abundant and injurious to corn. The variegated cutworm 
Was occasionally reported, and the armyworm was scarce for the second consecutive year. ‘The 
variegated cutworm caused considerable damage throughout Prince Edward Island, particularly 
in gardens. The red-backed cutworm was scarce in comparison with the past two years, causing 
only slight damage in grain fields in the eastern part of the Province; the fall armyworm was 
net as numerous on corn as in 1950. Cutworms were reported to be abundant in gardens in 
Newfoundland. 


EUROPEAN EARWIG. — In British Columbia the earwig was troublesome in the lower 
Fraser Valley and on Vancouver Island but was almost absent in the Agassiz district. It was 
present in considerable numbers, and apparently increasing, throughout the Okanagan Valley, 
and occurred in at least one Kamloops garden. The infestation in St. John’s Nfld., continued 
to increase in intensity, and spread from St. John’s East to older parts of the city. Cotton goods 
were damaged in a residence at Westmount, Que., and a single specimen was found in an Ottawa, 
On., home. 


GRASSHOPPERS. — There was a marked increase in grasshopper populations throughout 
the southern interior of Britisn Columbia and on Vancouver Island, and damage was aggravated 
by a long, dry summer. Ce:mnula pellucida (Scudd.) and Melanopius mexicanus mexicanus 
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(Sauss.) increased in the Roosville and St. Mary’s Prairie areas of the East Kootenays, iu the 
Lac du Bois district near Kamloops, along the Fraser River west of Pavilion, and in the southern — 
Cariboo and the Chilcotin. Local outbreaks were reported also from near Kettle Valley, West- 
bank, Princeton, Aspen Grove, Merritt, Raleigh, and Monte Creek. Melanoplus femur-rubrum 
\Deg.) was the major species in a severe outbreak in the lower Fraser Valley, and in a light out- 
break in the southern Okanagan, causing much damage to grain, truck crops, and fruit. On 
Vancouver Island C. pellucida predominated in the Saanich area and Melanoplus bivitiatus (Say) 
in the Duncan area. The outbreaks of 1950 in the northern Cariboo, central British Columbia, 
and the Peace River area completely subsided. 


The hatching of grasshoppers was very uneven in Alberia, and, as in 1950, later than usual. 
Development throughout the season also was very uneven but population levels remained con- 
stant. Between Lethbridge and Calgary there was a larger proportion of M. m. mexicanus and 
a Sinaller proportion of C. pellucida than in recent years. Elsewhere species distribution was little 
changed, C. pellucida being predominant in the Watts-Craigmyle area, a mixture of C. peliucida, 
M. m. mexicanus, Melanoplus packardii Scudd., and M. bivittatus east of that area, and mostly 
M. bivittatus and C. pellucida west to Calgary. M. bivittatus was prevalent south of Lethbridge 
and eastward, gradually being replaced by M. m. mexicanus toward Medicine Hat. Late develop- 
ment and adverse weather conditions reduced oviposition and the forecast fer 1952 indicates 
only small pockets of light infestation. 


After three successive years of widespread and severe grasshopper outbreaks in Saskatchewan, 
1951 saw a marked diminution in both numbers and severity of damage. For 1951 a compar- 
atively reduced area of infestation of about 40,000 square miles had been forecast. No “very 
severe” areas were included, and the “severe” areas were relatively small, so that the actual! 
threat in the infested area was estimated to be only about half that of 1950. As the outbreak 
developed, it was well below even these expectations. In the “severe” and some other forecast 
areas, a few farmers did have heavy grasshopper populations requiring control, but this was by 
no means general within these areas. Excellent conditions for the growth of cereal crops brought 
about some recovery in the small acreage that had been damaged, and minimized! further damage; 
this, together with the control campaign, left the net destruction caused by grasshoppers small 
indeec. Local areas of outbreak included Sceptre and Webb, where C. pellucida occurred, and 
an area between Hanley and Dundurn. where M. m. mexicanus was present. Control] measures 
were carried out also in the Abbey-Sceptre-Leader district and the Francis-Odessa-Lajord azea. 
The fungous disease Empusa grylli Fres. was a major control factor, particularly in west- 
cer.tral Saskacthewan, where it had been conspicuous in 1950. Fall surveys indicated that eggs 

.of the lesser migratory and the clear-winged grasshoppers were very scarce. Only the two-siriped 
grasshopper developed early enough to deposit a light infestation of egos on the Regina Plains, 
a comparatively small area. The forecast for 1952, therefore, is for the lightest outbreak in the 
Province in 20 years. 


In Manitoba, too, grasshopper eggs hatched late and irregularly, so that the outbreak was 
not as severe as forecast. The two-striped grasshopper was most abundant, the clear-winged 
grasshopper second in importance, and the lesser migratory grasshopper of minor importance. 
Franklin gulls were important predators. Fall surveys indicated a general reduction in popula- 
tions aud a retraction of the infested area to the central Red River Valley in 1952. 


In Eastern Canada, grasshoppers were of minor importance as pests in 1951. In early summer 
M. femur-rubrum and C. pellucida were mcderately numeious in Hastings County, Ont., and 
the St. Maurice Valley, Que., but populations diminished as the season progressed. M. m. mext- 
canus also was reported in Hastings County and M. bivittatus in the St. Maurice Valley. Some 
minor damage was caused to ciover in the vicinity of Forest, Ont. Grasshoppers were scarce in 
the Maritime area and no damage was reported. 


JAPANESE BEETLE. — ‘Trapping in southern regions of Eastern Canada resulted in the 
capture of 184 beetles in 1951 as compared with 178 and 224 in 1949 and 1950 respectively. One 
beetle was taken at Halifax, N.S., and the following captures were made in Ontario: Toronto, 6; 
Hamilton, 48; Niagara Falls, 7; Fort Erie, 29; Port Burwell, 18; St, Thomas, 2; Windsor, 73, 
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JUNE BEETLES. — White grubs, believed to be Phyllophaga anxia (Lec.), were reported 
to have damaged perennials in a Kamloops, B.C., flower garden. Similar damage was reported 
from Vernon, and strawberries were attacked at Enderby. Polyphylla perversa Csy. severely 
damaged strawberry plantings in the Keating district of Vancouver Island. In Alberta, only one 
report cf damage by larvae of P. anxia was received, although reports were numerous in 1950. 
By contrast, reports of injury by this species increased in Saskatchewan in 1951. Single reports 
were received from Meadow Lake, Moose Range, and Weirdale in northern Saskatchewan; three 
reports were received from Theodore and one from Leross in the east-central area; a heavy in- 

festation occurred at Harris in the west-central area; and in the southwest, alfalfa was damaged 
at Garden Fiead. 


In Ontario, P. anxia and Phyllophaga fusca (Froel.) were rated among the most destructive 
imsect pests of the year. Much pasture land was severely damaged; lawns and golf courses were 
ruined; and potatoes, turnips, wheat, spring grain, strawberries, and garden crops were damaged. 
Eastern Ontario westward to the Guelph area was most seriously affected, severe damage occur- 
“ring in Lanark, Renfrew, Frontenac, Addington, Hastings, Peterborough, Ontario, Haliburton, 
and Wellington counties. Light to moderate damage occurred in Glengarry, Carleton, Leeds, 
Durham, Muskoka, and Peel counties. A major flight of June beetles is predicted for the Niagara 
Peninsula and other Brood C areas in 1952. In Quebec, light damage was caused in the Mont- 
real area, and moderate injury occurred on potatoes an: strawberries near Ste. Anne de la 
Pocatiere. In New Brunswick some damave was noted at Fredericton, and injury to strawberries 
was coramon at Washademoak. Phyllophaga spp. occurred in small numbers in central New- 
foundland, particularly about Grand Falls. 


RED TIJ/RNIP BEETLE. — A much larger population than usual damaged cruciferous garden 
crops in northern Alberta but elsewhere in the Province and in Saskatchewan infestations were 
restricted mainly to weeds. Occurrences were reported from Watson, Saskatoon, and North 
Battleford in Saskatchewan. 


TARNISHED PLANT BUG. — Populations were small in Manitoba but generally large 
throughout most of Eastern Canada, where flowering plants, notably dahlias, were damaged, 
and potatoes were attacked in some areas. 


WIREWORMS. — Goed growing conditions held damage to a minimum in northern Alberta, 
but-in southern areas, notably at Chin, Taber, Retlaw, and Irvine, some crop thinning ranging 
up to 50 per cent occurred where deep seeding was practised. Damage to grain crops was not 
as serious as in 1950 in Saskatchewan, but the prairie grain wireworm was again responsible for 
widespread thinning of cereal crops and severe damage to vegetables, especially potatoes, through- 
out the agricultural area of central and western Saskatchewan. Hypolithus nocturnus Esch. was 
mainly responsible for light to moderate damage and occasional serious losses in cereal ciops 
throughout northeastern Saskatchewan. As usual, damage was most severe in wheat seeded on 
summer-fallow in medium-textured soils, but grain seeded on stubble was seriously damaged in 
some instances. Although light thinning occurred throughout the area subject to wireworm 
damage, severe thinning of crops was relatively rare and little re-seeding was necessary. Limited 
surveys indicated general light thinning of crops in the southwestern, south-central, east-central, 
north-central, and northeastern parts of Saskatchewan. Moderate thinning occurred in the 
central, west-central, and southeastern parts and in the Scott area of the northwestern part of 
the Province. However, moderate to severe damage, chietly to wheat, was general in the Ker- 
robert aiea, where rainfall was abnormally low after planting; and in a small number of fields 
in the Hanley, Outlook, Conquest, Herbert, Swift Current, Stewart Valley, Scott, Unity, St. Louis, 
Tisdale, Porcupine Plains, and Smoky Burn districts. Considerable damage to strawberry fruit 
by beetles of Aeolus mellillus (Say) was reported at Dodsland. In Manitoba, the prairie grain 
wireworm caused relatively little damage. The destruction of a 60-acre field of wheat near 
Douglas by Hypolithus nocturnus Esch. constituted the first record of this species in such 
numbers, 
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Wireworm damage in Ontario was reported to be somewhat greater than usual. Limonius 
agonus (Say), the principal species in Kent County, along with species of Aeolus, Agriotes, Me- 
ianotus, and Ctenicera, caused from 1 to 10 per cent damage to spring grain, corn, tobacco, to- 
mato, potato, cabbage, and sugar beet. In Dufferin County, 5 per cent damage was caused to 
spring grain at Alliston and 3 acres of potatoes were destroyed at Shelburne. Corn was damaged 
by deolus mellillus at Jeanettes Creek, Essex Co., and Forest, Lambton Co. Wireworms were of 
minor importance in Bruce, Grey, Huron, and Perth counties, although Agriotes sp. damaged 
a smal! field of turnips in Bruce and a few fields of spring grain in Perth. Tobacco was attacked 
lightly in Elgin County. Populations were about normal in Nova Scotia, where the wheat wire- 
worm was the most numerous and injurious species in potato fields. Hypolithus abbreviatus 
(Say), Ctenicera cylindriformis (Hbst.) and Dalopius sp., prob. pallidus Brown, were found in 
small numbers. Oestodes tenwicollis (Rand.) occurred in low-lying, sandy land near Canning. 
For the first time in Nova Scotia, Agriotes lineatus (L.) was taken at Chebogue Point, and 
Agriotes sputator (L.) at Marshalls Town. Wireworms caused considerable damage to root and 
potato crops in the Avalon Peninsula, Nfld. 


FIELD CROP INSECTS 


APIIDS. — A few moderate infestations of the Englisn grain aphid were noted in Buitish 
Columbia but it was much less prevalent than in 1949 and 1950. Aphids, believed to be the 
ereendug, caused some damaze to barley and wheat at Armstrong. Severe infestations of the 
English grain aphid occurred at Del Bonita, Claresholm, Vulcan, and Nobleford in Alberta but 
little damage resulted. This species was prevalent also in Saskatchewan but in lighter, less wide- 
spread infestations than in 1950. Occurrences on wheat, oats, and barley were reported from 
Nipawin, Carrot River, Birch Hills, Spruce Lake, Leask, Maidstone, and Saskatoon; and it was 
generaliy present on cereal grains and flax throughout central, west-central, and northeastern 
Saskatchewan. Severe infestations and some serious damage to fall-seeded rye and winter wheat 
were reported from the Clairmont district in the Peace River area: The greenbug, after three 
successive years of outbreak, was of little importance in 1951. Light infestations were reported 
from Maidstone in northwestern and the Carrot River-Pas frail area in northeastern Saskat- 
chewan. For the first time in the Province, a root-infesting aphid, Forda sp., on wheat, was re- 


ported from Davidson. Grain aphids did not occur in economic numbers in Manitoba. In On- 


tario, specimens of the greenbug taken in traps at Erie Beach constituted the first record in the 
area. The corn leaf aphid was of minor importance in southwestern Ontario, New Brunswick, 
and Nova Scotia. 


ARCTIIDS. — A local outbreak of Apantesis blakei Grt. in the Vurin-Retlaw area of Atberta 
destroyed 35 acres of fall rye and damaged 50 acres of spring-sown wheat. In southwestern 
Saskatchewan, rye was infested in the Maple Creek district, and both rye and range Jands were 
affected from Portreeve west tc the Alberta border but damage was negligible. Diacrisia sp. 
occurred in small numbers in northern Saskatchewan, and Colias spp. were scarce on alfalfa in 
Manitoba. 


BARLEY JOINTWORM. — Up to 100 per cent infestation of barley in northeastern and 
central areas of Prince Edward Island caused considerable decrease in the crop yield. 


BURROWER BUGS. — Sehirus cinctus (P. de B.) is believed to have been the cause of- 


complet2 destruction of the alsike clover seed crop in 1949, and of serious damage in 1951, north- 
east of Prince George in the Salmon River area of British Columbia. 


CLOVER WEEVILS. — The sweetclover weevil is now generally distributed throughout the 
clover-growing areas of Alberta but damage was not severe in 1951. Large populations were 
reported generally in Saskatchewan and Manitoba ‘but larval mortality and favourable growing 
conditions held damage to a minimum. In Ontario, damage was the lightest im several years. 
Sttona tibialis (Hbst.) was reported to have seriously damaged seedling alfalfa at Baytree and 
Gordondale in the Peace River district in Alberta, and although present on alfalfa in north- 
eastern Saskatchewan was not considered to have caused appreciable injury. Tychius picirostris 


ae 
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(Fab.) was observed on alsike and white clovers from Vancouver north to Soda Creek and east 
to Grand Forks in British Columbia. In southwestern Ontario it caused severe injury to alsike 
seed crops. Sub-economic occurrences of other clover weevils in the Ottawa and Carp areas 
of Ontario included Hypera nigrirostris (F.) and Hypera meles (F.) on red, alsike, and ladino 
clovers; Sitona hispidula (F.) on ladino and red clovers; and Tychius stephensi Sch6nh. on red 
clover. 


CLOVER SEED MIDGE. — This midge greatly reduced the seed crop in most fields of red 
clover in the Carp, Kinburn, Antrim, and Pakenham areas of Ontario. 


CORN EARWORM. — Saskatoon was the only point in the Prairie Provinces from which 
the corn earworm was reported in 1951. It was very scarce also in Ontario and) Quebec, but 
in New Brunswick some severe late-season damage was caused to corn in Charlotte, York, Sun- 
bury, Queens, Kings, St. John, Albert, and Westmorland counties; light to medium outbreaks 
occurred in Carleton, Restigouche, Northumberland, and Kent counties. Wariable late-season 
damage occurred in Nova Scotia, moderate damage in Prince Edward Island, and some severe 
damage to garden corn in the Avalon Peninsula in Newfoundland. 


CORN BORERS. — A survey of the southwestern area of Saskatchewan revealed infestations 
of the European corn borer in Estevan, Carnduff, Carievale, and Roche Percee, and in local 
areas near Shands, Estevan, Whitewood, Moosomin, and Manor, the last three being new records. 
In Manitoba, infestation was spotty and less severe than in 1950; an average of 5 to 10 per cent 
of the ears, mainly of sweet corn, were damaged. One field at Altona had 30 per cent ear in- 
festation. Infestation of canning corn was the lightest in several years in central Ontario, and, 
in a few fields of corn and peppers, light also in southwestern areas, there being few second- 
generation larvae; populations were larger in eastern Ontario, where damage was general. In 
Quebec, severe infestations were reported only from the Montreal and St. Jean areas, ear damage 
in canning corn averaging 15 to 20 per cent, and, in sweet corn, up to 35 per cent, in the latter 
area. Infestation was generally more severe than in 1950 in New Brunswick, and high also in 
Nova Scotia, where ear infestation ranged as high as 50 per cent in some fields. A western corn 
borer, Helotropha reniformis Grt., occurred for the first time since 1919 on corn at Winnipeg, 
Gunton, St. Rose, Dauphin, Shoal Lake, and Middlechurch in Manitoba. 


HESSIAN FLY. — The hessian fly was not reported from Western Canada, but it occurred 
in outbreak form in central Ontario, where estimates of crop infestation ran as high as 70 to 
80 per cent in Norfolk, Haldimand, ‘Lincoln, Brant, Middlesex, Huron, Halton, Peel, York, 
Hastings, Prince Edward, Ontario, and Simcoe counties. Field damage frequently ranged up 
to 50 per cent. Infestation in Kent County was less severe than in 1950. 


LEGUME-POLLINATING INSECTS. — A leaf-cutter bee, Megachile (Xanthosarus) denti- 
tarsus Sladen, was unusually abundant on alfalfa at Scandia, Rolling Hills, Medicine Hat, and 
Irvine, in Alberta. In Saskatchewan, cool, rainy weathez throughout the summer seriously 
limited the pollinating activity of bees and, combined with similar weather throughout the 
spring and fall months, was probably the chief factor in limiting the development of bumble 
bee populations to very small numbers in 1951. Bombus terricola Kby. and Bombus ternarius 
Say were the chief bumble bee pollinators of alfalfa. Bombus borealis Kby. was fairly numerous 
in some red clover fields in the White Fox and Cherry Ridge districts. Other Bombus species 
and species of Psithyrus and Megachile visited alfalfa and other legumes in small numbers. In 
Manitoba, B. terricola and other bumble bees occurred in much larger numbers than usual, 
almost replacing Megachile spp. as pollinators of alfalfa. Bembus spp. were also reported to be 
humerous in eastern Ontario. 


OAT NEMATODE. — Heterodera avenae Lind, Rostrup, & Ravn, which has an interrupted 
tange between Waterloo and Peterborough in central Ontario, caused injury somewhat below 
the average but continued to spread slowly. 
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PLANT BUGS. — Lygus oblineatus (Say) was present in large populations on irrigated alf- 
alfa throughout southern Alberta and in the Peace River area causing up to 25 per cent de- 
struction of bloom. Lygus spp. were again the most common of the insects injurious to alfalfa 
in northern Saskatchewan, populations ranging up to 50 per cent higher than in 1950. Popula- 
tions of L. oblineatus were low on alfalfa in Manitoba, and generally low in clovers in Ontario. 
Moderate injury to hay crops was reported from Newfoundland. Medium populations of Adel- 
phocoris rapidus (Say) occurred on alfalfa in the Peace: River district, and small populations 
were reported in Saskatchewan, where it was more numerous than usual, and in Manitoba. 
Severe infestations of ddelphocoris superbus (Uhl.) occurred on alfalfa in the Scandia ‘district 
of Alberta. The species was not observed on alfalfa in northern Saskatchewan but was collected 
on Monarda sp. in central] and scuthern areas. Plagiognathus obscurus Uhl. caused severe damage 
in many alfalfa fields throughout northern Saskatchewan. Small numbers of Adelphocoris line- 
olatus (Goeze) were observed on alfalfa in northeastern Saskatchewan and in Manitoba. Lopidea 
sp., prob. dakota Knight, was cbserved in large numbers in the same alfalfa field near White 
Fox, Sask., in which it was observed in 1950; moderate numbers were observed also in a field 
near Simmie in the southwest. Chlamydatus sp., never known te cause damage, was again ob- 
served in small numbers in northern areas of the Province. Miris dolobratus (L.) was abundant 
on timothy in the Ottawa area of Ontario and was observed feeding on the heads. 


SAY STINK BUG. — Numbers were generally reduced in southern Alberta, light infestations 
occurring at Turin, Taber, and Macleod. An occurrence on wheat at Dunblane was the only 
record in Saskatchewan. 


SPITTLEBUGS. — The meadow spittlebug was abundant on forage crops throughout Ontario 
and is believed to have been the cause of some loss. 


SUNFLOWER INSECTS. — The sunflower beetle caused minor damage at Pike Lake and 
Saskatoon in Saskatchewan, and at Altona in Manitoba, where it, as well as the sunflower 
moth, increased somewhat. In Manitoba, Phalonia hospes W!shm. was very abundant and more 
widespread than in 1950, although a local reduction, believed due to parasitism, occurred at 
Altona. A moderate larval population of Eucosma sp., prob. pulveratana Wlshm., occurred at 
Gnadenthal. The ragweed plant bug was present on sunflowers in large numbers, as usual. 
A weevil, Desmoris constrictus (Say), was abundant at Treesbank. The sunflower maggot has 
increased for three years, causing considerable damage and an average infestation of 96 per cent 
in 1951. Euarestoides finalis (Loew) occurred in small numbers and caused little damage. 


TOBACCO INSECTS. — In the tobacco-growing areas of southwestern Ontario, the green 
peach aphid occurred generally along the north shore of Lake Erie and was abundant at Blen- 
heim, Leamington, and Port Stanley; populations were low in the Simcoe, Delhi, and Mount 
Brydges areas. Cutworms caused from 10 to 90 per cent damage to tobacco seedlings in light 
to medium soil areas. The temato hornworm, although nowhere severe, was slightly more 
injurious to tobacco and tomato than in 1950 in Ontario, and caused some damage to tobacco 
in Quebec. The potato flea beetle caused very little damage, and the tobacco budworm ap- 
parently caused none. Crambus sp. destroyed about 90 per cent of tobacco transplants, following 
timothy, in a 3-acre field near Harrow, Ont. 


WHEAT STEM SAWFLY. — In Alberta, infestation generally was slightly reduced from that 
of 1950, and good crop conditions reduced losses to insignificance. Severe infestations occurred 
in a few fields at Nobleford, Carmangay, and Warner; moderate infestations at Vulcan, Champion, 
Lomond, Enchant, Stiriing, and Milk River; and light infestations elsewhere in the brown 
soil areas. In Saskatchewan, too, infestations were slightly reduced, with little change in distribu- 
tion. They were very severe in the Moose Jaw, Regina, Stoughton, Ogema, Assiniboia, and 
intermediate districts of south-central and southeastern Saskatchewan, and in the Kenaston- 
Broderick and Milden-Brock districts in central and west-central areas respectively. Severe 
infestations linked these districts, extended to Kerrobert, surrounded the very severely infested 
area in the southeast, and occurred between Shaunavon and Kincaid in the midst of an area of 
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lighter infestation in southwestern Saskatchewan. Infestation was light in the extreme scuth- 
west corner of the Province and moderate elsewhere in the general area of infestation. In- 
festations of the European wheat stem sawfly were reduced, as compared with 1950, throughout 
southern Ontario. 


VEGETABLE INSECTS 


APHIDS. — The cabbage aphid was present in outbreak numbers on the southwestern main- 
land of British Columbia and caused severe injury to cabbage, turnip, and Brussels sprouts. 
Infestations on Vancouver Is!and were moderate on stem brassicas but severe on turnips. In 
Alberta, the sugar-beet root aphid overwintered in the soil of intested fields for the second con- 
secutive year; no serious infestations were reported. Local populations of aphids occurred on 
lettuce at Lethbridge. Aphids were reported generally throughout north-central Saskatchewan. 
Lettuce was damaged at Hubbard, and at Saskatoon aphids were abundant on potato, and a 
root aphid, Triphidaphis phaseoli (Passerini), occurred on bean, neither causing any appreciable 
damage. At Assiniboia, aphids occurred on sprouting potatoes in storage. Populations were 
small on potato at Winkler and other points in Manitoba. In Ontario the cabbage aphid 
generally caused only light damage. Reports from Kent County and from the Ottawa and 
Bradford areas indicated an abundance of the pea aphid on several varieties of clover but 
damage was light. Infestation was considerable on peas in Essex County and other south- 
western areas. The melon aphid occurred in two gardens near Chatham. A few fields of beets 
in Kent County were infested with the sugar-beet root anhid. Macrosiphum erigeronensis 
(Thomas) occurred on head lettuce in the Erieau Marsh area, and ‘an unidentified species on 
lettuce in the Holland Marsh area. The aphid species that commonly attack potatoes were less 
numerous than usual in Quebec; populations remained abnormally small throughout the season 
in New Brunswick, Nova Scotia, and Newfoundland; they were small also in Prince Edward 
Island early in the season, but ‘built up rapidly in August and declined to zero in September, 
causing injury in only a few fields. The pea aphid infested canning peas earlier than usual at 
Middleton, N.S., and was reported scarce in Prince Edward Island. The cabbage aphid caused 
only slight damage in Newfoundland. 


ASPARAGUS BEETLES. — Crioceris spp. were not reported as injurious anywhere in Canada. 


CABBAGEWORMS. — The imported cabbageworm was less abundant than usual 9n the 
lower mainland of British Columbia, but postmigration control measures were necessary in this 
area as well as in Alberta. Populations were almost absent in Saskatchewan. Overwintering 
conditions were good in Manitoba but early adults disappeared quickly and populations re- 
mained low until August. Damage to cabbage and cauliflower was severe and greater than 
usual throughout Ontario and Quebec. No severe damage occurred until August in New Bruns- 
wick, and in general the pest was not serious throughout the Maritime area. The cabbage 
looper, for the second: successive year, caused no damage in Manitoba, and throughout Eastern 
Canada it was not economically important. The diamondback moth occurred in small numbers 
from Manitoba eastward, slight damage being reported only in Newfoundland. Populations 
of the zebra caterpillar were small in Ontario and Quebec. Evergestis straminalis (Hbn.) con- 
tinued to decline in numbers ir Newfoundland. 


CARROT RUST FLY. — Late carrots suffered considerable damage in the lower Fraser 
Valley, B.C., and averaged about 25 per cent in the Armstrong district. Minor damage occurred 
in the Nelson district, and injury, typical of this insect, appeared at Kamloops. Damage was 
generally severe throughout Eastern Canada. It was greater than usual at Bradford, Ont., and 
injury to celery was reported from the Burlington area. In New Brunswick severe damage to 
carrots was reported from York, St. John, and Sunbury counties, and, in addition, celery was 
extensively damaged in St. John, and parsnips in Sunbury. The insect appeared in considerable 
numbers for the first time in the Maugerville area. Notable abundance was reported at Ber- 
wick, N.S., and outbreak numbers for the first time in several years at Centreville. Although 
numerous in both Prince Edward Island and Newfoundland, a minor increase in the former 
and a decrease in the latter was reported. 
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COLORADO POTATO BEETLE. — In British Columbia, infestation in the East Kootenay 
area was light, and in the West Kootenay area heaviest infestations occurred at Shoreacres, 
Glade, and China Creek. A survey in the southern Okanagan revealed only two small in- 
festations, both at Osoyoos. Infestation in northern Alberta appeared to have at last receded 
southward to a more normal geographical area, about 100 miles south of Edmonton. No damage 
was reported in southern Alberta or in Saskatchewan, and only one occurrence from each, Rox- 
burn and Pike Lake respectively. In Manitoba, damage was light at Brandon, and populations 
were somewhat increased over those of 1950 at Winnipeg. Populations remained low through- 
out Eastern Canada, the few exceptions resulting from inadequate control measures. The insect 
was conspicuous by its absence in the Lincoln area of New Brunswick and scarce at Maugeryville, 
and was apparently not present on Cape Sable Island, N. S. 


CUCUMBER BEETLES. — Both the striped and the spotted cucumber beetles were present 
in Ontario in numbers sufficient to cause some damage to the fruit of squash in Essex and Kent 
counties, and of pumpkin in Prince Edward County. Populations were low in the Ottawa and 
Bradford areas of Ontario and in Quebec, and normal in Nova Scotia. 


FLEA BEETLES. — ‘The potato flea beetle was not reported in Saskatchewan. In Manitoba, 
it was scarce at Winkler and Winnipeg, and in normal abundance at Brandon. Normal popula- 
tions caused some injury to potatoes and to tomato transplants in Ontario and Quebec. Second- 
generation populations were small in the Maritime area. In British Columbia, the western 
potato flea beetle was present in large numbers on potatoes in the Cariboo area. The tuber 
flea beetle occurred on practically all untreated potatoes in the Kamloops, Okanagan, and Simil- 
kameen districts, was present in average numbers on the lower mainland, and was in reduced 
abundance on Vancouver Island. ‘Tomatoes as well as potatoes were damaged at Kamloops. 
Phyllotreta albionica (Lec.) was scarce on the lower mainland but present in normal numbers 
on Vancouver Island, and minor damage was reported from Newfoundland. The striped flea 
beetle occurred in normal abundance in Manitoba, in light infestations on garden crucifers in 
southwestern Ontario, and at Maugerville, N.B. Phyllotreta striolata (F.) was reported to be 
normally abundant in Manitoba, in heavy infestations on turnips at St. Jean, Que., and in small 
numbers on turnips and cabbage seedlings in Newfoundland. Phyllotreta spp. caused severe 
damage to beet seedlings at Raymond, Alta.; and turnip seedlings were severely damaged at 
Totnes and lightly damaged at Saskatoon in Saskatchewan. The hop flea beetle was more 
abundant than in recent years in hop yards in southwestern British Columbia, normally abundant 
in Manitoba, and numerous on rhubarb in Nova Scotia. 


LACEBUGS. — Severe damage to beans at Cranbrook, B.C., was reported to have been caused 
by Corythucha distincta O. & D. 


LAMELLICORN BEETLES. — For the second successive year, potatoes in the vicinity of 
Elm Creek, Man., were damaged, apparently by Onthophagus hecate (Panz.). 


LEAFHOPPERS. — The potato leafhopper was unrepoited in Saskatchewan and scarce at 
Brandon, Winnipeg, and Winkler in Manitoba. It was common but not economically important 
in Ontario and Quebec. A heavy infestation occurred at Lincoln, N.B., but elsewhere in the 
Maritime area damage was negligible. The status of the six-spotted leafhopper compared with 
that of the potato leafhopper in Saskatchewan and Manitoba. In Ontario, slight damage was 


caused to head lettuce in the Erieau Marsh area, and carrot foliage was damaged at Ottawa and 
Bradford. 


MEXICAN BEAN BEETLE. — This insect caused considerable damage in the Fonthill and 
Grimsby areas of the Niagara Peninsula, Ont., continued to decrease in numbers in the Chateau- 
guay-Huntingdon district of Quebec, and was reported from Fredericton, N.B. 


NEMATODES. — Infestations of the sugar-beet nematode, Heterodera schachtii Schmidt, 
1871, continued to increase in intensity but failed to spread in the Blackwell area of Ontario; 
it attacked a wide variety of garden plants. The potato-rot nematode, Ditylenchus destructor 
Thorne, 1945, did not ‘cause any appreciable crop injury in Prince Edward Island, probably 
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mainly because potatoes were not grown on infested land. Other nematodes found in potatoes 
in Prince Edward Island included Aphelenchus avenae Bastia, 1865, at York, and Aphelenchoides 
parietinus (Bastian, 1865) Steiner, 1932, at Miscouche. 


MAGGOTS IN ONION. — Damage by the onion maggot was severe on untreated crops 
throughout British Columbia and moderate to severe throughout the Prairie Provinces. A gen- 
eral reduction in numbers was noted in southwestern Ontario, and an increase was reported 
at Oitawa and Bradford in the east. Populations were geverally large in Quebec, although 
varying greatly from field to field. Damage was light at Maugerville, N.B., and moderate in 
Nova Scotia, but increased in Prince Edward Island, where destruction ranged from 50 to 75 
per cent. Larval populations of the lesser bulb fly in onions equalled those of the onion maggot 
at Vernon in August, but it attacks only damaged plants and its economic status is not known. 


PEA MOTH. — Populations remained at a low ebb in southwestern British Columbia, al- 
though infestations of up to 5 per cent indicated a slight increase. Reports from Nova Scotia 
and Prince Edward Island indicated a decrease in population and little severe damage. 


PEPPERGRASS BEETLE. — For the first time in several years in Saskatchewan, this insect 
severely damaged turnips in the northwestern part of the Province. 


POTATO STEM BORER. — Corn and potatoes were severely damaged at Kinsman’s Corner, 
Kings Co., N.S.; considerable damage occurred in gardens at Fredericton, N.B.; and_ slight 
damage was reported from Newfoundland. 


A RADISH WEEVIL. — Radishes at Jordan Station in the Niagara Peninsula, Ont., were 
severeiy damaged by Ceutorhynchus erysimi (F.), a new pest. 


ROOT MAGGOTS AFFECTING CRUCIFERAE. — Root maggots, chiefly the cabbage 
maggot, were normally abundant in British Columbia, severe infestations in turnips being re- 
ported from the Alberni district on Vancouver Island, and from the Salmon River Valley and 
the Salmon Arm and Kamloops districts on the mainland. This species, along with Hylemya 
crucifera Huck., was present on turnips at Picture Butte, Vauxhall, Taber, and Coaldale in 
Alberta. The latter species damaged turnips, and infested up to 20 per cent of cauliflower at 
Saskatoon, Sask. In Manitoba, cauliflower and turnip were heavily infested at Brandon, but 
at Dauphin infestation was lighter than in 1950. Hylemya planipalpus (Stein.) caused slight 
damage to radish at Saskatoon, Sask. In Ontario, root maggots, chiefly the cabbage maggot 
severely damaged cabbage, cauliflower, and early-sown turnips throughout the Province early 
in the season. Damage was particularly severe north of Hamilton, and assumed outbreak pro- 
portions in the Ottawa area. Severe infestations were reported generally in Quebec. Early cab- 
bage and cauliflower were severely damaged in the Mauyerville and Sheffield areas of New 
Brunswick, only 10 to 20 per cent of the cauliflower crop being marketable; radish and turnip 
also were attacked. The infestation was checked, however, by unfavourable weather conditions, 
and only light to medium damage was done to late crops. Root maggots continued to be a prime 
pest in Nova Scotia, many small fields of cabbage and turnips being completely infested. ‘here 
was considerable variation in the degree of infestation in Prince Edward Island, and although 
injury was less severe than in 1949 and 1950, it was extensive, particularly on early crucifers. 
Root maggots, particularly the cabbage maggot, were prevalent but not as abundant as in 1950 
in Newfoundland; heaviest infestations occurred in eastern areas. Hylemya trichodactyla (Rond.) 
occurred on turnip, cabbage, and cauliflower in New Brunswick, and was reported from New- 


_ foundland. 


SEED-CORN MAGGOT. — Turnip, onion, and radish were attacked by this pest in Man- 
itoba but populations generally were small. Many fields of white, lima, and red kidney beans 
in Kent County, Ont., had to be re-seeded, and an unusual occurreace on soybeans in Essex 
County was reported, but, in general, infestation was less severe than usual in the Province. 
Injury was general in the vicinity of St. Jean, Que., and at St. Michel several acres of beans and 
cucumbers had to be re-seeded. Populations in many areas of Quebec were larger than in 1950. 
Normal abundance on beans, corn, and cucumbers was reported from Nova Scotia, and reduced 
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infestations occurred in Prince Edward Island, where a few fields of potatoes had to be re- 
planted, and moderate damage was caused to cucumber and bean. Extensive damage to turnip 
was reported from Newfoundland. 


SLUGS. — Little damage occurred in southwestern areas of British Columbia but slugs were 
unusually injurious in gardens at Kamloops, possibly a result of increased irrigation. Reports 
of damage continued to increase in the Winnipeg, Man., area, and throughout Eastern Canada 


slugs were very numerous and injurious to garden and field crops, showing little food pre- 
ference. 3 


SPINACH LEAF MINER. — Fifty per cent damage occarred on a 50-acre plot of spinach in_ 


Manitoba, and small numbers infested sugar beets. The latter as well as garden beets were in- 
fested in southwestern Ontario but damage was slight. A light, local infestation occurred on 
spinach in Essex County, Ont. 


SQUASH BUG. — Small populations caused only minor damage throughout Ontario. 


SQUASH VINE BORER. — Infestation of golden and green hubbard squash was general and 
damage severe in southwestern Ontario. 


THRIPS. — Onion crops in the Kamloops area and the Okanagan Valley, B.C., were seriously 
threatened by the onion thrips until control measures were applied. Infestation in the onion- 
growing area of Erieau Marsh, Ont., was earlier and more severe than in recent years, and 
contributed to considerable crop loss; the thrips attacked head lettuce, after the onion harvest. 
A species of thrips was more common than usual on cucumber at Winnipeg, Man. 


TOMATO HORNWORM. — Infestation in Ontario and Quebec was much lighter than 
usual and damage to tomatoes was negligible. The insect was not reported in Nova Scotia. 


FRUIT INSECTS 


APHIDS. — Populations of aphids on apple were at comparatively low levels throughout 
Canada in 1951. Aphis pomi Deg., though requiring contro! in some areas, was less prevalent 
than in 1950 in British Columbia. Local outbreaks occurred in Norfolk County and at Morris- 
burg in Ontario. Considerable populations built up in the St. Jean area of Quebec but in- 
festation generally was not serious. Moderate populations developed in New Brunswick and 
Nova Scotia but were reduced by predators. Anuraphis roseus Baker was less numerous than 
in 1950, and of little importance in Ontario and Quebec. In Nova Scotia populations remained 
low and injury to apples was slight. Numbers of Eriosoma lanigerum (Hausm.) were small and 
comparable to those of 1950 in British Columbia and Nova Scotia, while in Ontario a slight 
increase occurred and some large populations were reported in the Niagara Peninsula. Rho- 
palosiphum prunifoliae (Fitch) occurred in average numbers in Nova Scotia. The black cherry 
avhid caused little damage in British Columbia, where control measures were generally effective. 
In Ontario, light infestations occurred in the Niagara district and scattered damage was reported 


in eastern areas. The currant aphid was generally abundant in Manitoba, but in Prince Edward ~ 


Island only light infestations were reported. The mealy plum: aphid occurred in small numbers 
in most British Columbia orchards, being less prevalent than in recent years. Plum trees were 
severcly infested at Brandon and Morden in Manitoba. Littie damage occurred in the Niagara 


Peninsula, Ont., ‘but in Essex County populations were larger than in 1950 and severe infestations 
ommon. ‘ 


APPLE AND THORN SKELETONIZER. — This insect continued to be the most serious 
pest of unsprayed apples on Vancouver Island. 


APPLE (AND BLUEBERRY) MAGGOT. — Specimens were collected on hawthorn in the 
Morden, Thornhill, and Miami areas of Manitoba, and larvae, believed to be of this species, 
were noted on hawthorn at Brandon. Infestations remained light in sprayed orchards through- 
out Ontario. A general northwestward spread continued in Quebec, where severe infestations 
were reported from the Quebec, Neuville, St. Augustin, Champigny, St. Nicholas, and St. Roche 


: 
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des Aulnaies district. Little change was noted in New Brunswick and Nova Scotia, where an ex- 
panded survey revealed more infested properties than in 1950, most of them being non-commercial 
orchards. Some apple varieties were severely infested in unsprayed orchards in Prince Edward 
Island but little general change was noted. Blueberries were more severely infested than in 
1950 in New Brunswick, and light infestations occurred in Prince Edward Island. 


APPLE MEALYBUG. — Simall numbers continued to appear in the St. John River Valley, 
N.B., and in some Nova Scotia orchards. 


BLUEBERRY CUTWORMS. — The population density of most cuiworm species showed 
little change in New Brunswick, but the black army cutworm continued to decrease and the 
w-marked cutworm increased ccnsiderably. 


BUFFALO TREEHOPPER. — This insect continued to be an economic pest in young 
plantaticns, notably in Quebec. 


CASEBEARERS. — The cherry casebearer occurred as a minor pest in Quebec, as did the 
cigar casebearer, which was noted chiefly in neglected orchards and on wild apple. The latter 
Species was reported to be scarce in Ontario. 


CHERRY FRUIT FLIES. — Cherry growers on Vancouver Island, B.C., experienced the worst 
infestation of Rhagoletis cingulata (Loew) ever recorded on sweet and sour cherries, fruit in- 
festation ranging up to 70 per cent in some orchards. Infestation was average on Prince Edward 
Island. 


Rhagoletis fausta (O.S.) was numerous, mainly on sour cherries on Vancouver Island, and on 
pin cnerry at Morden, Man. It was found for the first time in the Okanagan area, B.C., being 
observed in a single orchard near Westbank. 


CHERRY FRUITWORM. — The cherry crop in the Kelowna, B.C., area was damaged to 
a greater extent than ever before by this insect. 


CHLAMISUS SP. — An underscribed species of Chlamisus appeared as a new pest of straw- 
berries in the Belleisle, Washademoak Lake, and Grand Lake areas in New Brunswick, where 
it caused serious damage. Larvae and adults are voracious feeders, the former attacking both 
foliage and fruit. 


CODLING MOTH. — Damage to the apple crop in British Columbia was the greatest since 
the commercial introduction of DDT in 1947. Severe losses occurred in many areas, particularly 
at Salmon Arm, where 50 per cent of the crop was destroyed. Reduced spraying and weather 
conditions contributed to the increase. Infestation of apple and pear was the lowest in several 
years in southwestern Ontario, and remained low in commercial apple orchards in Quebec and 
New Brunswick. Considerable increase over the low of 1949 and 1950 was reported in Nova 
Scotia, particularly in the Minas Basin, and damage in general was almost double that of 1950. 


CRANBERRY FRUITWORM. — This insect continued to be a common pest of cranberries 
in New Brunswick, where infestation in untreated areas usuaily runs from 50 to 80 per cent. 
Reduced infestation and light damage were reported from Prince Edward Island. 


CURCULIONIDS. — The plum curculio occurred in a moderate infestation on plum at 
Morden, Man. Injury was the heaviest in several years on peach in the Niagara, Ont., area, and 
on peach, plum, and apple in Essex and Kent counties. Light damage occurred on plum in the 
Niagara district, and on apple in several small orchards in eastern Ontario. In Quebec, this 
curculio continued to ‘be a major pest, particularly where control] measures were not used, and 
_the apple curculio remained a minor pest with the exception of at least one local outbreak in 
an orchard at St. Hilaire. An apple flea weevil, Rhynchaenus pallicornis (Say), for the first time 
on record in Canada caused noticeable foliage injury in an apple orchard in Norfolk County. 
The strawberry weevil occurred in light infestations at Morden, Man. In Quebec, it was trouble- 
some in the Montreal aid Quebec areas, but was appreciably reduced at St. Jean, where damage 
was light even in untreated planiations. Little change was noted in New Brunswick, some planta- 
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tions being seriously infested. Populations were somewhat larger than usual on strawberries and 
very light on raspberries in Prince Edward Island. Adults of the strawberry root weevil were 
abundant in dwellings at Pike Lake, Sask., and Birtle, Man. Some damage occurred on straw- 
berries and apple seedlings at Morden, Man. The black vine weevil caused. extensive damage to 
British Sovereign strawberry plants, even where apple pulp bait was used, on Vancouver Island. 
For the first time in British Columbia, Barypeithes pellucidus (Boh.) occurred in economic 
numbers, attacking the fruit and leaf buds of raspberry at Oak Bay, and Plinthodes taeniatus 
(Lec.) caused extensive damage to the foliage of strawberries at Sooke on Vancouver Island. 


CURRANT FRUIT ELY. — Reports, about half as numerous as in 1950, were received from 
Carrot Kiver, Battleford, Manitou Beach, Estevan, and Saskatoon in Saskatchewan. The pest 
was abundant in Manitoba. 


EYE-SPOTTED BUD MOTH. -- Populations in southern British Columbia were larger than 
in 1950, andi cherries in the Kelowna area were severely injured. In Ontario, this bud moth was 
common but not abundant in eastern areas and in Norfolk County; a slight increase occurred 
in the normally small numbers in the Niagara Peninsula, and it was of little importance ‘n 
Essex and Kent counties. It continued to be an important pest in Quebec, causing considerable 
damage in the Hemmingford, St. Hilaire, Rougemont, Abbotsford, and Montreal areas. Small 
orchards in New Brunswick were moderately to ‘severely infested but a general improvement was 
noted. This bud moth ranked second to the codling moth in the Annapolis Valley, N.S., where 
slight, if any, increase occurred. General prevalence, as usual, was reported in Prince Edward 
Island. 


GRAPE BERRY MOTH. — Infestation was light in the Niagara, Ont., area, but moderate 
damage occurred in most vineyards in Essex County. x 


VARIOUS FRUITWORMS. — Damage to fruit by so-cailed green fruitworms in most of 
Eastern Canada was the greatest in many years. Severe infestations of the spring and fall 
cankerworms occurred at Morden, and light infestations at Brandon, in Manitoba. In many 
Quebec orchards, green fruitworms caused more damage than any other pest, one particularly 
severe outbreak of the spring cankerworm being observed at Frelighsburgh, and lesser infestations 
at Rougemont, Abbotsford, St. Hilaire, and Franklin. Fruitwor1m damage in Nova Scotia was 
the greatest in many years, the fall cankerworm causing complete defoliation of apple in some 
orchards at Falmouth, and considerable injury throughout Kings County. The lesser apple- 
worm infested apple at Morden, Man. 


IMPORTED CURRANTWORM. — Infestations were reported from Saskatoon and Carrot 
River, Sask.; Winnipeg, Morden, and Branden, Man.; Charlottetown, P.E.I., where gooseberries 
were severely injured in old plantations; and Newfoundland. 


LEAFHOPPERS. — The white apple leafhopper was of minor importance in orchards of 
Eastern Canada, but a severe infestation, apparently of this species, occurred in orchards at 
Salmon Arm, B.C. Grape leafhoppers caused no appreciable injury in Ontario. The potato 
leafhopper was reported to be abundant on apple at Morden, Man. 


LEAF ROLLERS. — The fruit tree leaf roller continued to increase in the Okanagan Valley, 
B.C., where it caused serious injury to foliage and fruit of apple, and killed many seedling 
cherries. It was reported as a minor pest causing moderate damage in Quebec. The red-banded 
leaf roller was more prevalent and injurious than ever before in Essex, Kent, Norfolk, Durham, 
and Northumberland counties in Ontario; severe second-generation injury occurred in some 
orchards. A slight increase occurred in the Niagara Peninsula, where it was serious in only a few 
orchards. A sudden increase in numbers and spread over a wide area in southwestern Quebec 
was reported. It was the most important apple pest in the St. Jean area, and at St. Hilaire 
caused 75 per cent loss in one apple orchard and 10 to 50 per cent in others. Indications are 
that it may be the most serious apple pest in Quebec in 1952. In Nova Scotia, the gray-banded 
leaf roller occurred in many apple orchards and caused considerable damage in some; it is in- 
creasing in the Province. Present in many orchards in moderate numbers and causing minor 
damage were the leaf rollers Archips persicana (Fitch) and Pandemis limitata (Rob.). 
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Archips rosaceana (Harr.) continued to decline and was comparatively scarce. The straw- 
berry leaf roller occurred in comparatively light infestations, after several severe infestations in 
1950, in southwestern Ontario. Moderate injury was reported from Newfoundland. 


MITES. — The European red mite, as in 1950, caused damage im only a very few orchards 
in British Columbia. It was generally less abundant than in 1950 on apple in Ontario but local 
minor increases were reported from Northumberland and Durham counties. On peaches and 
plums throughout southwestern Ontario, infestations were fairly light although a few orchards 
were damaged in July. Predators were abundant on plum in the Niagara area. In Quebec, 
populations were high in the St. Lawrence Valley, and in the Frelighsburgh and St. Anne 
de la Pocatiere areas, but in general were somewhat reduced from those of recent years. In- 
festations remained comparatively light in Nova Scotia but built up in the few orchards in which 
DDT and parathion were used. Increases and some severe damage in the vicinity of Charlotte- 
town, P.E.I., were reported. Populations of the two-spotted spider mite on cane fruit in the 
lower Fraser Valley, B.C., were exceptionally small, notwithstanding a record drought. ‘They 
were Siiall also on fruit trees in the Okanagan and Kootenay valleys although the pesi had been 
serious in 1950. Considerable damage occurred on strawberries at Magna Bay, and on green- 
house tomatoes at Sorrento. In Saskatchewan, infestations of mites, probably chiefly this species, 
occurred on raspberries at Carrot River, Manitou Beach, and Saskatoon; on currants at Moose 
Jaw and Saskatoon; and on caragana at Saskatoon. ‘This species was genetally distributed in 
peach orchards in Ontario, causing little injury. Early defoliation occurred, however, on peach 
nursery stock. Populations were larger than in 1950 on apple in Northumberland and Durham 
counties. Some strawberry plantings were seriously injured at Oakville, Ont., and in the Niagara 
Peninsula, where one raspberry patch also was severely injured. In Quebec, infestation was re- 
ported to have spread far beyond previous boundaries to include the Quebec City area and the 
northern part of the Gaspé Peninsula, but the damage caused by this species remained well 
below that of the European red mite. In Nova Scotia it occurred only in trace numbers except 
in orchards where DDT and parathion had been used. The Pacific mite was much less numerous 
than in 1950-and of little importance in the Okanagan and Kootenay valleys, B.C. Control 
measures reduced a considerable infestation on red currants ac Armstrong, B.C., where damage 
had been severe in 1950. The species was common on raspberries and currants in Manitoba. 
The clover mite was the most trcublesome species in Britisn Columbia orchards, particularly 
from Summerland south to the International Boundary. Before 1950 it was not considered a pest 
of fruit trees but in 1951 it developed to epidemic proportious in some orchards. A severe in- 
festation occurred on gooseberries at Morden, Man., while in Nova Scotia populations remained 
at a low level. The pear leaf blister mite was present in medium to severe infestations in some 
orchards in British Columbia, and in Prince Edward Island, where it increased in numbers. 
Eotetranyvchus flavus (Ewing) caused damage in only a few orchards in British Columbia. Phyl- 
locoptes spp. were more numerous than in previous years in British Columbia but caused no 
serious injury; some control was required at Kelowna. A mite, Septanychus candensis McG., was 
collected in several apple orchards in the Burlington-Oakville area and may have been confused 
with the two-spotted mite in previous years. The cyclamen mite caused considerable damage 


to strawberries in Manitoba, and Eriophyes sp. was common on plum and choke cherry. 


ORIENTAL FRUIT MOTH. — The infestation was again at a low level in Ontario, and in 
Essex and Kent counties it was generally lower than in 1959, fruit injury averaging less than 
1 per cent. In the Niagara district injury by first- and second-generation larvae was as light as 
or iighter than in 1950, and averaged less than 3 per cent. However, in the latter area “in- 
visible’ injury to Elberta was as high as 6 per cent where the last DDT spray was applied, and 
18 per cent where it was omitted. Parasitism by Macrocentrus ancylivorus Roh. was at a com- 
paratively high level, being somewhat higher than in 1950 in Fssex and Kent counties, and slight- 
ly lower in the Niagara district. 


PEACH TREE BORERS. — The peach tree borer was of minor importance in British 
Columbia. In Ontario a few orchards were severely infestec! in the Niagara district but in- 
festation was generally low throughout the peach-growing areas of the Province. The lesser peach 


if 


108 REPORT OF THE ENTOMOLOGICAL 


tree borer continued to cause considerable damage in Essex County and increased over 1950 in 
several orchards. The peach twig borer caused serious losses to some apricot growers at Summer- 


land, B.C., but injury to peaches was, in general, negligible. : 


PEAR PSYLLA. — Populations in British Columbia were comparable to those of 1950 and 
very little damage was caused. In Ontario, witb the exception of Essex County, where damage 
was light, psylla populations were larger and harder to conirol than for several years. 


PEAR-SLUG. — Infestations of outbreak proportions occurred in several orchards in the 
south Okanagan area, B.C. In Ontario, severe infestations aimost defoliated many cherry and 
pear trees where control was inadequate in the Niagara district and Essex County. Minor 
Gamage occurred on cheiries in Prince Edward Island, and the insect was recorded for the first 
time in Newfoundland where it damaged fruit trees and mourtain ash at St. John’s. 


PLANT BUGS. — Lygus spp. were troublesome on peach and apparently increased in apple 
orchards in British Columbia, and typical injury increased somewhat on peaches in the Niagara 
Peninsula, Ont. The tarnished plant bug caused considerable fruit injury in strawberries at 
Morden, Man. Neolygus communis novascotiensis Knight caused minor damage, and Campylom- 
ma verbasct (Meyer) occurred generally and caused some fruit injury in apple orchards in Nova 
Scotia. 


RASPBERRY CANE BORERS. — Reports of the raspberry cane borer were more numerous 
than usual in southwestern Ontario, and moderate damage occurred in the Chatham area. In 
Quebec, considerable damage was done in the St. Anne de !a Tocatiere and St. Jean areas, while 
injury was light in the Hemmingford area. Oberea affinis Harr. was generally abundant in the 
larval stage in eastern Ontario and was apparently in the adult stage or at least not injurious 
in New Brunswick. 


RASPBERRY FRUITWORMS. — Fruit bud injury on raspberry and loganberry, caused by 
the western raspberry fruitworm, was not serious in the lower mainland areas of British Columbia, 
the insect being effectively controlled. ; 


RASPBERRY ROOT BORER. — Severe damage occurred in at least one raspberry plaating 
at Saskatoon, Sask., where 60 to 70 per cent of the plants were infested. 


RASPBERRY SAWEFLY. — ‘Typical damage was observed from Enderby south to Vernon 
and Lavington in British Columbia; at Brandon, Man.; Marizora, Ont.; and Aylmer, Que. 


ROSE CHAFERS. — The gieen rose chafer, usually founa on wild roses, severely damaged 
raspberry buds at Lacombe, Sask. The rose chafer caused only minor injury in Norfolk Co., Ont., 
but larger and’ more widespread infestations were reported in Essex County. 


ROUND-HEADED APPLE TREE BORER. — An occurrence on apple was reported from 
Winnipeg, Man., and in Quebec the borer caused the usual amount of damage to young trees 
and in neglected orchards. 


SCALE INSECTS. — The oystershell scale remained at low population levels in British 
Columbia, Ontario, and Nova Scotia, but was reported as prevalent on unsprayed orchard and 
shade trees in Prince Edward Island. Lecanium coryli (L.) continued to increase in numbers 
and cause damage to pear and plum as well as to several varieties of ornamentals in British 
Columbia. In Ontario, the San Jose scale remained at a low level; the European fruit lecanium 
caused some damage to spy apple in eastern Ontario, and occurred in small numbers on peach 
and plum in the Niagara district; and the cottony peach scale continued to be injurious in 
several peach orchards in the Vineland-Jordan and Queenston areas of the Niagara district, 
where it appeared to De spreading; it was of little importance in Essex and Kent counties. 


SPIVTLEBUGS. — Strawberries in New Brunswick were infested by Philaenus leucophihal- 
mus (L.) and P. lineatus (L.), both of which were prevalent. Clastoptera saint-cyri Prov., the 
species common on cranberries, was also prevalent on strawberries. P. leucophthalmus was re- 
ported to be very injurious, particularly to strawberries, in Nova Scotia. 
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TENT CATERPILLARS AND WEBWORMS. — Both the eastern and the forest tent cater- 
pillars were very common throughout New Brunswick, severely damaging many orchards. In 
Nova Scotia the eastern species was fairly numerous and the forest tent caterpillar persisted in 
outbreak proportions in Kings and Hants countries, necessitating control measures. Tent cater- 
pillars were not as numerous as in 1950 in Saskatchewan, although saskatoon was moderately 
infested in the Pike Lake area. In Manitoba, Malacosoma lutescens (N. & D.) was considerably 
less prevalent than in recent years. Hyphantria texton Harr. was not reported to be prevalent 
anywhere in Eastern Canada. The ugly-nest caterpillar was much less abundant than in 1950 
in Manitoba. 


THRIPS. — Frankliniella vaccinii Morgan was again very prevalent on commercially zrown 
blueberries in Charlotte County, N.B., although some reduction in the population was indicated. 


INSECTS AFFECTING GREENHOUSE AND ORNAMENTAL PLANTS 


APHIDS. — Aphids were generally prevalent throughout north-central areas of Saskatchewan. 
Caragana hedges were damaged at Blaine Lake, Laird, Cudworth, and Marcelin; maples were 
infested at Saskafoon and Summerberry, and from Saskatoon also reports were received of aphids 
on African violets, and of Kakimia wahinkae Hottes on delphinium; rose and honeysuckle were 
infested at Glen Ewen. In Manitoba, too, aphids were abundant on many plants, caragana and 
maple in particular being severely infested. Severe infestations of the melon aphid occurred on 
hothouse cucumbers in several greenhouses’ at Leamington, Ont. Aphis viburnicola Gill. was 
prevalent on snowball and high bush cranberry in New Brunswick. 


COLUMBINE BORER. — Damage to columbine was reported from Winnipeg and Morder 
in Manitoba. 


FOUR-LINED PLANT BUG. — This plant bug was very abundant on ornamental and mint 
_ plants in the St. Anne de la Pocatiere area of Quebec. 


FUNCUS GNATS. — Sciara coprophila Lini. occurred on house plants at Basswood and 
St. James in Manitoba. 


LEAFHOPPERS. — Lrythroneura sp., prob. ziczac Walsh, was abundant on Virginia creeper 
and grapes in the Kamloops and Vernon areas of British Columbia, the infestation being the 
most severe on record at Vernon. Infestations were well cortrolled at Lethbridge, Alta. In 
Saskatchewan, Virginia creeper was considerably damaged at Saskatcon and North Battleford, 
raspberries also being attacked at the latter point. Leafhoppers, probably Typhlocyba ariadne 
McA., were common and injurious on roses in the Vernon, Kelowna, and Penticton areas of 
British Columbia. Leafhopper populations on roses, ornamentzls, and shade trees were somewhat 
smaller than in 1950 in Prince Edward Island. 


LILAC BORER. — Infestation of lilacs remained general at Morden, Man. 


LILAC LEAF MINER. — This pest of lilacs is now distributed in varying infestations wher- 
ever liJac is grown in Quebec. Numbers were normal *in Prince Edward Island and damage was 
severe ir. Newfoundland. 


MITES. — In Manitoba, the Pacific mite eccurred on roses, various ornamentals, and flowers, 
including hollyhock, at Morden, Eotetranychus medanieli McG. caused considerable damage to 
flowers in the Brandon area; and the cyclamen mite attacked cyclamen and strawberries at 
Morder and Brandon. In Ontario, the maple bladder-ga!l mite disfigured maples at Chatham, 
Pori Lambton, and Merlin, being more prevalent than in previous years; and severe infestations 
of the two-spotted spider mite cccurred on hothouse cucumbe: crops in Essex County. 


MOURNING-CLOAL BUTTERFLY. — A single case of larval injury to weeping willow was 
observed at Chatham, Ont. 


NARCISSUS BULB FLY. -- This bulb fly continued to be a serious threat to the narcissus 
bulb industry in southwestern British Columbia, where infestation ranged as high as 60 per cent 
in untreated plantings in 1950, 
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ROSE CURCULIO. — Roses were damaged at Aylesbury and Saskatoon, Sask.; and at Morden 
and Brandon, Man., where infestations were lighter than in previous years. 


SCALE INSECTS. — Damage by Lecanium coryli (L.) continued to increase on ornamental 
Japanese plum, maple, and May trees, as well as commercial pear and plum, in southwestern 
British Columbia. : 


SNOWY TREE CRICKET. — Various ornamentals and severai small maples were injured 
at Chatham, Ont. 


THRIPS. — The gladiolus thrips was not reported in Saskatchewan but was general from 
Manitoba eastward. Onion thrips caused the usual damage to hothouse cucumbers in Essex 
County. 


WALNUT CATERPILLAR. — Many of the native black walnut trees in the counties of 
Essex, Kent, and Middlesex, in southwestern Ontario, were defoliated again in 1951. 


INSECTS ATTACKING MAN AND DOMESTIC ANIMALS 


BED BUG. — Several infestations were reported in Saskatchewan, Ontario, New Brunswick, 
and Prince Edward Island. 


BLACK FLIES. — Populations were about normal in British Columbia, but for the first 
time on record in the Province cattle were severely attacked, the incident occurring in an area 
east of Lumby. Both branches of the Saskatchewan River in Saskatchewan were again heavily 
infesied with Simulium arcticum Mall., which in past years caused considerable mortality among 
livestock. This year, however, there were no black fly outbreaks, presumably a result of control 
measures against the immature stages. Simulium venustum Say and S. vittaitum Zett. continued 
to be the two predominant species attacking livestock along the smaller rivers in the Prairie 
Provinces, and on a few occasicns caused severe annoyance. The Souris River and the tributaries 
of the Pembina River near Rock Lake in Manitoba were very heavily infested and control 
measures were required to prevent Outbreaks. A great deal of annoyance to livestock did result, 
however. Simulium meridionale Riley and Simulium luggert N. & M. were more abundant 
than usual in the Battle River Valley in Saskatchewan but apparently did not molest livestock. 
Cnephia iaeniatifrons (End.) was relatively scarce along the Saskatchewan River. Black fly 
populations were somewhat larger and more troublesome than usual to livestock in Hastings and 
Peterborough counties in Ontario, and were reported to be 2bundant also in Prince Edward 
Island aud Newfoundland. 


BLACK WIDOW SPIDER. — Numerous specimens of this spider were received from the 
north and south Okanagan and the Kamloops district in British Columbia. It was more abundant 
than usval in Saskatchewan, where it was found only in the extreme southwest corner of the 
Province. There were no reports of attack on humans. 


BLOW FLIES AND FLESH FLIES. — One case of human and three cases of animal myiasis 
were reported to the Kamloops, B.C., laboratory. Wohlfahrtia vigil Walk. and W. opaca Coq. were 
identified from one of the animal cases, and W. opaca alone from the second. The third case 
on animals appears to have been an infestation of Calliphora sp. 


BOT FLIES. — Gasterophilus intestinalis (Deg.) occurred in moderate infestations in the 
Battle River Valley between Prongua and Battleford, Sask.; and Gasterophilus spp. were reported 
to be abundant on horses in Manitoba. 


FLEAS. — Ten reports of Clenocephalides spp. were received at Ottawa, and infestations were 
reported to be numerous at Summerside, P.E.I. Infestations of fleas, probably the European 
chicken fiea, on poultry were reported from Rocanville and Allan, Sask., Ont., Alma and Clinton, 
and Sunny Bank, Que. A bird flea, Ceratophyllus idius Jord. & Roths., occurred in such abun- 
dance in a martin house at Ottawa, Ont., that the birds abandoned the nests. . 
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HORN FLY. — ‘The horn fly occurred in its usual abundance at Kamloops, B.C. In northern 
Alberta cattle were severely infested, particularly in the Gadsby area. Populations were reported 
to be normal in Manitoba and below normal in Prince Edward Island. 


LICK. — Reports of the head louse on humans were received from Lethbridge, Alta., and 
Ottawa, Ont.; and Pthirus pubis (L.) was reported from Saskatchewan. The cattle biting louse 
was common in Manitoba. Linognathus setosus (Olf.) on dogs was reported: at Grand Falls, 
Man., and at Stratford and Ottawa in Ontario. Polyplax serrata (Burm.) occurred on mice in 
a laboratory at Ottawa, Ont. 


MITES. — The chicken mite, Dermanyssus gallinae (Deg.), was reported from Edmonton 
and Wainwright in Alberta; Glen Ewen and Saskatoon in Saskatchewan; and Morris, Stonewall, 
Altona, and other points in Manitoba. An infestation of mites, probably the hog follicle mite, 


Demodex phylloides Csokor, occurred on hogs at Charing Cross, Ont. Chiggers were reported to 


be a nuisance to cottagers in the Port Stanley, Ont., area. 


MOSQUITOES. — Infestations were generally light in British Columbia in 1951, but frequent 
rains in Alberta and Saskatchewan resulted in large populations which persisted throughout 
the season in northern Alberta, and were a serious pest throughout Saskatchewan from May to 
July; outdcor work was almost impossible in extreme southwestern Saskatchewan in mid-June. 
Aedes spencerii (Yheo.), Aedes campestris D. & K., and dedes flavescens (Mull.) were the major 
species in the Dundurn and Dafoe areas. In Manitoba, dry weather resulted in light infestations. 
Populations were unusually large and persisted throughout the summer, severely attacking live- 
stock, in eastern Ontario and western Quebec. Abnormal numbers were reported also from 
the Maritime area, where infestations were severe in May and June, and again in an unusual 
outbreak in August in New Brunswick. 


RAT-TAILED MAGGOT. — A sheep-raiser in Dawson Creek, B.C., noticed that many of 
his sheep were coughing; one died and was found to have a rat-tailed maggot in one lung. 


SHEEP-TICK (Sheep Ked). — ‘The sheep-tick, or sheep ked, continued to be an impertant 
parasite of sheep in British Columbia, severe infestations building up where control measures 
were not applied. 


SNIPE KLIES. — Symphoromyia atripes Bigot, which caused considerable annoyance to humans 
in Manning Park, B.C., in 1950, was scarce in 1951. 


TABANIDS. — Tabanus frontalis Wlk., Chrysops mitis O.S., and Haematopota americana O.S. 
were prevalent during June, July, and August in the Saskatoon, Dundurn, Dafoe, and North 
Battleford areas in Saskatchewan, and were considered a inoderate pest to man and _ livestock. 
Tabanus spp. and Chrysops spp. were much less abundant and less annoying to livestock than 
in several previous years in eastern Ontario. In Newfoundland, they were reported to be numer- 
ous and troublesome to man and livestock. 


TICKS. — Dermacentor andersoni Stiles was particularly troublesome in the vicinity of 
Kamloops, B.C., where cattle were paralysed in herds that had never before been attacked; the 
number of paralysis cases is believed to have exceeded that of any previous year. A severe in- 
festation occurred also in a small area in southwestern Saskatchewan. Dermacentor albipictus 
(Pack.) was as abundant as eve: on horses and deer in British Columbia, and in coastal areas. 
Ixodes pacificus C. & K. appeared to be decreasing. A single report of a human being bitten bv 
Ornithodoros hermsi W., H., & M. was received from Okanagan Landing, B.C. A survey of the 


‘status of the spinose ear tick, Otobius megnini (Duges), in big game revealed its presence in 


about 50 per cent of the deer in the Kamloops, B.C., area. The American dog tick, Dermacentor 
variabilis (Say), was found for the second time in Alberta but in both cases the human carviers 
had just returned from Riding Mountain Park, Man., whence it is believed the ticks were car- 
lied. Sniall numbers of this species were reported from southwestern Saskatchewan, atid it 
occurred on dogs and humans at Winnipeg, Man. Ixodes sculpius Neumann was found in small 
numbers on ground squirrels in southern Saskatchewan. 

\ 
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WASPS. — Wasps of various species were reported to be unusually abundant in southwestern 
British Columbia, northern Alberta, Manitoba, eastern Ontario, and western Quebec. In. New- 
found!and, populations were greatly reduced from the hign level reached in 1950. 


HOUSEHOLD INSECTS 


ANTS. — The invasion of lawns and dwellings by ants caused the usual amount of annoyance 
throughout Canada. The black carpenter ant. apparently wes the most frequently reported 
species, causing considerable damage to cottages and dwellings, and even destroying telephone 
poles near Cypress River in Manitoba. The pharaoh ant was mentioned as occurring in dwel- 
lings, office buildings, and restaurants at various points in Ontario, Quebec, and Prince Edward 
Island. 


BOXELDER BUG. — Adult boxelder bugs created more than the usual nuisance in and 
about dwellings in the Kamloops and Vernon districts of British Columbia during the fall. 


BOOKLICE. — Reports of infestations included a chesterfield suite at St. John’s, Nfld., and 
a winterized summer cottage and a basement apartment at Ottawa. The psocids were established 
in the stuffing of the chesterfield suite, and were apparently breeding between old shingles in 
the summer cotiage. Trogium pulsatorium L. occurred at Vancouver in straw packing used in 
a shipment of material from Trance. 


CARPET BEETLES. — The biack carpet beetle was commonly reported throughout Canada 
and was possibly the mzjor heusehold pest; it was reported ta be increasing in Alberta. As in 
recent years, dnthrenus scrophulariae (L.) occurred much tess frequently than the black carpet 
beetle in Eastern Canada, and no reports were received from Western Canada in 1951. In fact, 
singie reports from Saskatchewan in 1914 and Manitoba in 1940 constitute the only records from 
the Prairie Provinces on file at Ottawa. Damage to the hair or several violin bows at Oshawa, 
Ont., was believed to have been caused by carpet beetle larvae. 


CLOTHES MOTHS. — Reports of infestations, though rumerous and occurring in all of 
the provinces, continued to be greatly outnumbered by reports of carpet beetle infestations. 


CLUSTER FLY. — Hibernating adults were a common household pest in Ontario and 
Quebec, and were reported to be troublesome during the last two years at Lethbridge, Alta. 


COCKROACHES. — The German cockroach continued to be fairly frequently reported 
throughout Eastern Canada, but two reports from Saskatchewan constituted the only records 
from the Western Provinces. The oriental cockroach was also reported from Saskatchewan and 
was an occasional pest in Quebec. The only infestation reported in Ontario occurred in a food 
manufacturing plant in Brockville. Parcoblatta pennsylvanica (Deg.) was reported in the 
vicinity of Ottawa, Ont. 


CRICKETS. — A mass migration of Acheta assimilis F. from grain fields to dwellings occurred 
at Vernon, B. C. Camel crickets, Ceuthophilus alpinus Scudd., were abundant in the basements 
of new homes in northern Alberta; and Ceuthophilus sp. was reported from Saskatchewan, 
and from Trenton and Ottawa in Ontario. The house cricket occurred in bakeries aiid in- 
stitutions in Quebec, 2nd was reported from Toronto, Ont. . 


CURCULIONIDS. — The strawberry root weevil was commonly reported as a pest in dwel- 
lings in morthern Alberta,,and occurred at Pike Lake, Sask., and Birtle, Man. It was reported 
from Lanark and Burnt River in Ontario, from several points in Quebec, and was numerous 
in Kings Co., N.S., and in Prince Edward Island. The black vine weevil was a pest in dwellings 
at Thetford Mines, Que., and St. John, N.B. Barypeithes pellucidus (Boh.) occurred in a house 
at Covey Hill, Que. s 


FLAT BUG. — Aradus abbas Berg. occurred in a residence at Schumacher, Ont. 


FRIT FLY. — Large numbers of a species of the family Chloropidae entered a dwelling from 
cracks around a window frame in an unusual occurrence at Meaford, Ont, 
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GROUND BEETLES. — Carabus nemoralis Mill. and Anisodactylus sp. invaded a ground 
floor apartment in Ottawa, Ont. 


HOUSE CENTIPEDE. — Specimens were received from Brockville and Belleville in Ontario. 


HOUSE FLY. — Small populations were reported in Szskatchewan, Manitoba, and New- 
foundland, but in many areas in most provinces difficulty was experienced in controlling strains 
of flies that had become resistant to DDT, and in some cases to other insecticides. Very large 
populations en a hog-raising ranch near Edmonton, Alta., persisted in spite of applications of 
various insecticides. In Ontario large populations developed in vine-crop canning areas, where 
they were apparently breeding in piles of decaying organic material, a by-product of the can- 
neries. 


MITES. — The clover mite occurred in dwellings at Nakusp, B.C., in the spring, and was 
a serious household pest in residential districts in Edmonten, Alta. Infestations were reported 
also from Chatham, Oni., and Montreal, Que. Bird mites, Lipenyssus silviarum C. & ¥F., invaded 
dwellings in Ottawa, Ont., and Montreal, Que.; and undetermined species of Liponyssus were 
numerous in an office building in Ottawa, and in a dwelling in Belleville, Ont., where children 
were bitten. 


PLASTER BEETLES. — An infestation of Coninomus nodifer Westw. occurred in a new 
house in Halifax. 


PHALAENID MOTHS. — Sunira bicolorago (Gn.), attracted to lights, occurred in some 
numbers in suburban dwellings at Ottawa, Ont. 


SILVERFISH. — Many infestations were reported from numerous localities throughout Kast- 
ern Canada, and a few were reported from Saskatchewan. 


SPRINGTAILS. — A persistent infestation occurred in a dwelling at Cacouna, Que., where 
the insects apparently were breeding in an uncemented area oi the basement floor. Residences 
were invaded at Como, Que., and, for the second successive year, at (Leitrim, Ont. Springtails, 
identified as Sira buski Lubb., occurred in a house at Emerson, Man. Two infestations were re- 
ported from Saskatchewan. 


WOOD BORERS. — Lyctus brunneus (Steph.) was collected at Ottawa, Ont., from a maho- 
gany table imported several years ago from Scotland; the species is rare in Scotland and has 
not previously been reported in Canada. Other powder-post beetles, Lycius sp., occurred at 
Ottawa and points in southwestern Ontario, and were reported to be numerous in eastern areas 
of Newfoundland. Anoblium *unctatum (Deg.) was reported from Blockhouse, N.S., and from 
Prince Edward Island. The wharf borer, Nacerdes melanura (L.), infested the basement of an 
office building at Ottawa, Ont., and cerambycids were reported to be severely infesting the 
timbers of a log club house at Cacouna, Que. 


STORED PRODUCT INSECTS 


STORED GRAIN INSECTS. — The season of 1951 was comparatively free from pests of 
Stored grain. Considerable infestation had developed in 1950 in grain of United States origin 
placed in Canadian elevators 11 1949. Much of this grain was fumigated in September, 1950, 
and although about 11% million bushels of the stock was still an hand, no infestations were 
noted in 1951. Some infestations occurred in U.S. corn stored in Canadian elevators on the 
Pacific coast. This stock was placed in storage in 1949 and showed essentially no infestation in 
1950. During 1951 it was necessary to carry out both fumigation and spraying to control the 
Indian-meal moth. 
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The Bay-Ports* elevators remained essentially free from iniestations of the Indian-meal moth. 
A routine program of inspection was continued and control measures were carried out when 
necessary. . 


Very few reports of weevil infestation in the wheat grown in southwestern Ontario was re- 
ceived. 


The grain crop in Western Canada in 1950 was large, and a considerable amount was tough, 
damp, and frost-damaged. It was necessary to hold much of this material on the farms during 
the winter. Fortunately, there was an exceptionally large movement of grain in late winter 
and early spring, so that only slight losses resulted from insect damage. The harvest season of 
1951 in Western Canada was very similar to that of 1950, possibly worse. The crop was large, 
and again there was much tough, damp, and damaged grain, providing suitable material for 
insect infestation. There was also a large amount of grain remaining in the fields unthreshed. 


MILL INSECTS. — The insect problem in flour mills is receiving increasing attention. In 
many cases the mills are examined every month by inspector of the Division of Plant Protection. 
The Department of National Health and Welfare conducted a survey of flour mills in Ontario 
and Alberta in. 1950 but, unfortunately, no examination of mills was carried out during 1951. 


SPIDER BEETLES. — The control campaign against spider beetles has been continued in 
the Prairie Provinces and losses from ‘these pests have fallen materiaily in the last two years. 
On the Pacific coast, Ptinus ocellus Brown is still the most important insect pest found in cereal 
warehouses. Considerable control work has been done, stimulated very largely by the educational 
campaign conducted by the Vancouver laboratory. Spider beetle infestations involving. Ptinus 
villiger (Reit.) and Ptinus raptor Sturm. occurred in a few cases in 1951 in Eastern Canada. 
Control measures with DDT yielded very satisfactory results. 


BEAN WEEVIL. — This insect occurred in, Ottawa, Ont., and Canterbury, N.B., and was 
reported to be common in Quebec and Nova Scotia. 


CADELLE. — Small numbers were reported in Saskatchewan. : 


CHEESE MITES. — Mites were reported from several cheese curing plants in Eastern 
Canada. In most cases high temperatures were responsible for population build-up. 


CONFUSED FLOUR BEETLE. — Moderate to severe infestations developed in mills and 
warehouses in Saskatchewan early in the year but were later brought under control. Infestations 
in stores and dwellings were frequently reported in most provinces. 


DRUG-STORE BEETLE. — Infestations in stores and dwellings were reported from 
Matheson, Ont., Westville, N.S., Charlottetown, P.E.I., and various localities in Manitoba and 
Quebec. 


PLAT GRAIN BEETLE. — Moderate infestations developed in mills and warehouses in 
Saskatchewan early in the year but were greatly reduced by control measures during the season. 


GRAIN MITES. — Tyroglyphus longior Gerv. was reported to have caused some damage in 
granaries in northern Alberta. In Saskatchewan, mites, probably Acarus siro L., infested ground 
oats in two granaries and wheat in two others. 5 


GRANARY WEEVIL. — injury in Ontario, particularly to wheat in storage, was considerably 
less than in 1949 and 1950. ‘The insect was not reported in Saskatchewan. 


* The “Bay Ports” originally referred to the grain storage ports on Georgian Bay, but the term 
is now used rather loosely to include all storage ports in the Great Lakes area except the Lake Head 
Ports on Lake Superior. 
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INDIAN-MEAL MOTH. — A severe infestation occurred at Vernon, B.C., in dried apple 
waste stored for the manufacture of strawberry weevil bait. Stored grain and meal were infested 
in a warehouse at Picton, Ont. Throughout Canada the insect was an important pest in 
packaged goods, notably cereals and pre-mix foods. 


LARDER BEETLE. — Infestations in dwellings were reported from Saskatchewan; Ottawa 
and Long Branch in Ontario; Three Rivers, Granby and other points in Quebec; Marysville, 
N.B.; many homes in Prince Edward Island; and St. John’s, Nfld. At Bryson, Que., major 
damage occurred in ten-test insulation in a church. 


MEDITERRANEAN FLOUR MOTH. — The heated warehouse of a mill at Saskatoon, and 
a warehouse at Picton, Ont., containing grain and meal were infested by this insect. 


SAW-TOOTHED GRAIN BEETLE. — This common, stored food pest was possibly the most 
frequent contaminator of packaged foods in stores and homes throughout Canada. Its small size 
permits it to enter package through very small openings. 


TOBACCO MOTH. — The continued use of 5 per cent DDT in tobacco storage warehouses 
brought about a further reduction in the degree of infestation caused by Ephestia elutella (Hbn.). 
Many warehouses are now essentially free from this pest. 


WAX MOTH. — A severe infestation originated in stored bee hives in a basement and spread 
throughcut the dwelling at Medicine Hat, Alta. 


YELLOW MEALWORM. — Reports of infestations in dwellings were scattered and scarce 
with the exception of Kings County, N.S., where adults were reported to be numerous. It was 
believed that they originated outdoors rather than within the house. 
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PUMAEE CE 3 ba Me ct 1 Mee oe bee gree ee 113 _hucleic acid ........... <A aeereeenaae ae 9, 14 
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CR GTIEDUS AE Sig 5 he Bek ga Dean 8 ey eh eee 100 hereyrisae © ...04. Se ee eee 10, 69 
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LGEREGY SUS Fea e t e e e e 55 leprosy 24. he g 
Cryptus ae es mildew | 2.).¢. 5.) 32 
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QEUVISEDRONUURURS fet oc. Oe dole ae 72 PS] LOVES nal Teneeearsetne ab weetiarrs PreaMieelN gh a 8 19 
EPS DIDS AS pS ee OR MP er ene Ug rare Ve 107 
Eriosoma 
} NONE ee tee kas ci A ee 104 Gasterophilus 
Erythroneura IMCS a Pa i) ae alee 110 
FEU OTS Ae MES aa ree ed ere a RRS le ie ACRE GCA 3 al ERTIES 109 Generator 
Euarestoides JECOROP oe A te Re ain eM Ae a 1} 
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MUP ine aii. ook a osova totes ce aoe onteesaklhee 105 
Mediterranean flour moth ......0...00..00......... 115 
Megachile 

WEMEVUGTSIES. miko eo ae ne eee a a 99 
Melanoplus 

ea DU UEL DESEO eS he FIN Sets a ee 96 

OMUUMI QUO TUTE Ae ON oe ed 56, 96 

WICMIGORUS IMEXICENUS, oo. iesecvees: 95-96 

« QLOU CEFCU DE sSNA A ere ET a OR 96 
IVNGUO IOUS Ram de Scania ee NA ee 98 
Meloe 

D) DUIS CDMS SNE ree en ae hae rene ne 94 
Melolontha 

PMUCGNUS te cite: ee a El x) 7 
TV NCIINIS A Re one is URN es Peat ae 71 
Meroptera 

PRO DAU Cppentetier ne Se NR RN Ee 61 
Mesoleius 

RE TUILCCLUILUS Cee ec eke ces ES 61 

 Metarrhizium 

US DY MTOR eS OR EN ea i 9713 
Metatetranychus 

CAAT 6 Manca Nt Renee Ge a ee eng 17-21 
RINGCEOMMOLOOW Ke Re ee 9 
Midge 

GLOVER SEER AO So Co ened EPP Ui de 99 
Mineola 

I GGGUUD I epee te aha ae Fe Olea 21-25 
Miner 

HrilleNteea hain conn ee See nit brea ste ee 109 

SMMACM Alea Las Ar Mas Bema 104 
"CHEMICALS 8s eg TC ae sal ea ee ar 34 
Mirus 

CON ODREGIES Nie ai ste SN ON aE can ea 100 
Mites 

URE eta Ne Ne ae ies aude ds 113 

TEMIEGSC oer re etree Ciro ty Gem ates Ok 114 

GMO K Ges eh Pte ear eee nS 111 

CLOVE ier ere eo os 33, 107, 113 

GV ClAMMEMEAS Th hee BIN aa ek cee 107, 109 

European red ........ L721 34-35-37, 107 

MANA rs ee he cree on cee ae Reages bes 

MOOR OU Cle. aie hr heres ier ee OP ic: 111 

maplet bladdet-call 2) eee ce 109 

PPA GIIIGE nee calie Sunn eCan ae Lee 107, 109 

Pedr teat wlisten ce cade tea 107 

feframychids 5/04. 2. (ee Sea 33-37 

iWo-Spothed spider sche a ee 107, 109 
NSO ET Wd cot 20a A A ee ore 
PPA SCS tren Says ee Pes ois ere Oe Pe Nile a 29 
MOTTA AG IUD SUE Sse Ale Antes pe suas od atin trig Me eC ea 100 


IVNOULO CLETUS OR a ant Bap At ae 63, 66 

IVE UICE PS hh i aR e) We aua ari Nas Wiehe 62, 63 
IWFOSGUMEGES hi ie rats Clem ataee ach 70, 111 
NOT OVEN 6085 de Srey Secs ARN eis eae RAE rcs To 30 
SVAVEES COT it SORE ot ha ae oe leo StH CN ace A ama eR I 49 

DOMBOSE ICG T2555 tee a med eae dy NNO A 48, 56 
IMEUISCI CH Ghai es oa a Pee er reie, Ua aed oe 49 
INEUIDABTOR Fe cae vein von ee een a her oe Dense 12 
INicibng Cha ea Ss se re OS i es E a ae 35 
INGDUS FT CTUS See ION eM NACR AEC RS ANS Satay 35 
Nacerdes 

TEVCVATIGUT OE I ENON DREN ARES aah 113 
INGE Laer c Seat rec ntuc ee eae hea BCR 86, 90 
INTRA LTINACT ee le ert ee Oe Sh 66 
ING TIAA EOE Pe Ne neg ae ee 2 64, 66 
UNIOUIVGLATUUES. ks. Oe eae OR MeN et Tek 65, 66 

WUTUECO VOT. aa Pe eis erates neh Nanuet Ooi 65 
Nematodes: “ano ene 71-72, 99, 102-103 

FOE Gp Giese eat RR age Ras a rau ct bean 99 

POLALOSTOU cE esi en 102 

SUBAn eet ki a were eta Shen 102 
UNC TLOUUES Al oe err aa ha 61, 63, 64, 66 

DOZEN Be a a ke 64 

CHUOUGCUIS Re RON eR Ga ON aed ea 64 

CHACHISOM IA bien ee eee dre Se Ni ae 70 

LOS STON UTI i cece MO PTL ae oe UL eR a 64 

LUO UA Si i es os AO tee ag ee ES 64 

FPCILALCUS So Re er ES rae pes 64 

PUMOUIAOTSUNME CBG obs eee tiene sos Jn 64 

BOE SUD ee tee ao eee Ne ooh rated BU nN Sleek aNd 64 
Neodiprion 

DODELIS GH Pe te PAM eV ON GEOL Ne ohh 63 

americanus banksianae ............ eg uae 62-63 

CIN CHICOMUS RAVATE Sc Ags iron t rs: Gt uals: 63 

FUOTVULIADS. | see ee CS ee el tg eho ae 63 

SOULIF OT inten mal RMN tO sees iaa biel 

ISUUNCEETUC Dp oe Bak nite en Ee EN. Pam 63 

WUREUNAGMG AH eins Be ee weak Soon tes eta 63 
Neolygus 

COMMUNIS NOVASCOLLENSIS .o.....000 ecco 108 
Neoptera casi se eno aM re ok: 33, 36 
IN CLL OE OTN GI ei ere eee eh a eee 61 
Nucleic acid 

GES EMEOSE epee en ae te Sh ls: 
NMIGIEO RICE ee 2 Oke Be oe ene Se dn Re eS 9 
Oberea 

QU TIUESI NE Tas SE oh ey AS OS Raeie es ch mac aees oh 108 
Oestodes 

OTDULEOLLUS Poet os ee a eas EMS TE a 98 
Onthophagus 

WWAGULCN a ON eee ee re Meee oo 102 
OnientalsimuLie moth 2 ese ee 107 
Orius 

LIA SULUO SUS RI Cee a AN Nee TSN es 34 
Ornithodoros 

UCHITUS Re Ro et Teume DT a een tyes Li 11] 
Otobius 

MVOQUUUN OA estes er un cia a ies. S ose 111 
Pandemis 

ASTD DECUREL ee es Ne Ree od acoso 106 
Palisa SIGS ca ee Ee SIE, 17 
ZO GEGN OVS Me. ase icles Fabs a nesses 61 
Paratetranychus 


ptlosus 


122 REPORT OF THE ENTOMOLOGICAL 
eee SSS - 
Parcoblatta Prodenia 
PEWS) LOQUICHES ist Ae eee ee Ue Cnidania a0 ON ee 0 
Rat OCenici ty lee OMe eae ees 1] Protein 
Pathology 0. 7-8,°10, 14 capsular: 3 Aue 9-10 
Pea MOC nse eter ee Secaey 103 polyhedial’ 0.4 3 ee 9-10 
Pear Protozoa !\\..2 AS ee SOs ee ey) 
PSY lla eee eee Geen ye. aekeamre tees 108 Pseudosarcophaga 
Se 108 affinis, Vs. 02 re 79 
Periplaneta PSithytus oe. kin se 99 
LLL AT LT, 55 Psocids “02 oe ee 112 
Stet AS AC eee 55 Psylla 
Phalacridae oe ceeccc tcc ct tee ee Sf pear o.oo ee 108 
Phalaenid: moth io saa ah ee eae ate} Pitronideds 2 a 64 
Rhalera “bucephala Grn 2 a eee 70 Pink ee ae 
PIGTONIG [LOS PES RU ee Pe aoe 100 Cone 114 
Phe one ie se 
franklini LETTE Sie abe oida avers Saialaiens was ticheanic dale oe nite Se me aE 23 villi ea ; mete Sh 114 
Picwacnia ee 47-48, 55 3 BET. Ons VAY Aree ee | 
Picea Oe 85 NENTS ! 
taminata. (i602) a eee 55 
Jeucophthalmus 08 ie ee 108 ees Oe 
ULTRA VISES SRA TE ESI ed Coe aes aN ce 108 Pup ee aoe 
Philaecothvipidae. 0 de 35, Pyralidaee .iic3...0..2. ee pai | 
Phiohacampe i Sik ee 62 PYTAUSEA ieee ieee. bagi a Shige tok ne ee ea ee ee 9 
Phthirus nubilalis: <b Oe 13-14 
DUDES ooh ruae cry is Sid ate ae ee 111 
PN VCIU Mae oon eee ee Ue Ws et arnee 25 Pee 
P ie Noone a ON 107 Radiation:: 404). 3. ; 
Pi siiobh SOLA 2 eho vcscuedlss Foecctee. eee 
yllopnaga Bhaooin 
CANT AB Retest RMBs Pact he Mey Scat os Patent oye t/a 97 BRONEIS 
PLUS CO Re ah ae eng Oe oie tre iekeh oe ieee 97 EE ye 
Phyllotreta fausta TES Sega dale Laine d oe GARONA REE Ee lee ae See 105 
aIbiOniCg. 2 ee 102 Rhogogaster vice aais sib ccs ee aoe ee 61 
SEVIOIOLG Oe ci ie Ae Ree 102 . Rhopalosiphum 
Phytotoxicity Pipe pene Eee Neat The fg a 90-21 prunifoliae SERRE An aCe ondcusocmoandsuantedonccoscne 104 
PURONCUUD i ONG Ge ee Been, Ber aes 65, 66 Rhynchaenus 
alaskensis Daath Serban EEL So Cn uin t yaad 62, 65 pallicornis sare yfhisacipiars's tej beveted site eB aiefere Toe atolaptal ee se eee 105 
dUNMOCki oy ee ee 65 Rose : 
Plagiognathus Chater 6:02.22 2a re ate 1028 
OUOSCUTUS nie oe eiicn, tak ape ea 35, 100 Curculio 2.2 cg eee 110 
Placa pus oe ER Cn Tg 66. _—~*Rotenone poisoning ........ Wklscccee 42S, 140-4 
americanus ......... nt ATs anes a ea ae OO 65-66 Rotenoids* 3.55.03 eS eee eee 38 
Plinthodes 
LOETTIOLUS Hit Nene tes ae Pa Ce eae eae 106 
OUGT os oa ON ee ceny Sn uu ate 86,90 Salix | 2s en 72 
OWT AtOTS. So ee nance ec ea cae eee 86 Sawily.0 2 ok a ae eee 10-13, 61-67 
oly ie diac cs ois Ge eT se 9-i1 European: pine: 245-2 ee 13 
POlYDECEOSIS OLS Ie aan ees cee 14 European Spruce: 2. eee 10-11, 69-70 
Polyphylla fOKESt 35 ME ee eres ees al 2. 61-67 
ENDONSG! 2 Ne ONE a Oe one Oe 97 larch ae ee ee Il, 67-70 
Poly plax TaSPDErry 50.26 a 108 
SCINGLG EON CR CONE Re ee nt Mes neean 111 Wheat *stemy 2. i.e nc-cecee ee 100 
POLONIA ei (hk iae te ok acne ae 61, 64, 66 Scale insects 
Population: es. 10125-1617) 3727427 cottony peach | )c). 4) ee 108 
77, 79, 81, 86, 95-96, 98-99 European fruit lecanium. ........0..0....... 108 
CUUGWOIIN fe CL Ee a SP eee aay a eee ae 16 oystérshell so scd.00) 08 ee 108 
MUSE GE Phe cite UMN Ce tee te 10-12, 75 Sant Jose \30.4:2. 06 108 
European: xed smite v7.2 ee aes 17-21 Sélara - hc 55 
PESISCANCE ree Slee es 12 coprophila: .)\.0 0 one er 109 
Predation SCRtstOC€TCa® ice Se ee Le 
1 0 ef eF 0 ee hmieemeeel en a he a ROT Me UN ee 80 Schizura 
(dab Sts mee pars Rare eels ere lee aes dapat (Ps 80 le piinOides Paihia 61-62 
PRECALOTS titi sikh ise ae vgdes de 1f,.33-37,, 85 Scolothrips 
Prionocera SEX MGACUIGHUS D2 . ee Soo 
AURICIOUD eS Nooo Ope Ce aernceee 70 Secretion 
Priophorus cuticular heer (ihn da ncaa ee aes: 
POLE ES ie ees ous ian cashes tae ce naan 62, 64 Sehirus . 
PU GSULIIIE OU Tin cosy cours nnstce staan tnaret ei 64, 66 CUNCLUS Sear i Es 98 
CUUGIISOMM TH: ila) coe wean 61-62, 64, 67-70 Septanychus 
SHC OPIEGIOUL,. Vlas hs. os nh cabana ean tae tee. 64 CONACETISIS (3. 3. Gere. ech: eee ce LOE 


SOCIETY OF ONTARIO 123 


SINGS) a ee Rick Dis geste es RRR Re Nate ae ON le 37-47 
LEROY 8 ee 0 TO i ec aa Ug 111 
COLCCIS ig ENG Zeer i a ofl an OI gO ee aD 111 

SINRACIONGMMRR eh ee NS Ba 7-10, 13 
AMOI aes is Belen Te ateule eras Boson tae 9-10 

SUI SW(ENST TIS Ns a nn eR ae 113 

Simulium 
HUT CQUTT DA aks ER eens cheee aL tonsa Recetanes 119 
FiO) ace SL MO eS Pe ti re ACE 110 
NEL DOO VLCC Mee eRe eee ee P eee ie te ene te 110 
PICATIUESELINT Ths Ce ae oe os me ge ee ote ee Se 110 
UEC] ee ae eee UENO er id as Es bie 119 

EACIMEPA EES oh ti uien td foe ne eel a 113 

Sitona 
ME SFPUCUE Ie end ce ono Ies aici aun: let nase neces 99 
BUDUUISI RE ea mar oe SE eee sates 98 

Skeletonizer 
APPLE eA UMOLIN fn oles occurence eoreer Saas OBE 

PSN Neer Sees ooo Uiccnten Sel caetean tn ene Se 104 
TOUS EIIP nol chai: nt gape pane ane eset er EN 108 

Spicaria 
OUITOS ie He eho Sue tiican. cue ots eee ese ie 8, 14 

SS DUGISIRS 4 a ab ec oe Re TL TLO 
| DiILEI Ss NYAUCG IORI a etree cade Sar ae err 110 

SADIE] SUNOS 2 Ane aren nea a eamey ee 85, 100, 108 
TAVEPEUGIG Woo sacle eat ml Rear Se 100 

STBIGINES Seca Grae eae ee a eet 2-1-8, 10,213 

Spwmmetals: sc.. 3.03.2. OHTA NAL oth SS Ueto cety. td 113 

Spruce 
DUONVOUNNG Pee Re ee 11-13 

Stegobium 
(UENO OZ TUTTI esa tee ae ee ae eR eet 77 

Stenopelmatus 
TREDUS., 2 olor cera nO et tl pn re ee panne eB Vata DS) 

Stethorus 
PILGUDUITO ee een eee Po es 33-34, 36 

Stilbus 
OUP CLIT Oa SE eee ee a 34 

SOTBOGSIS A Sa Maateae tei fea ae et ce 48, 55 

:SLETRREIN 10) ©) OS et ae a can ween 25-28 
leaiolletar ake. Mie SI ee 107 
WNSEENITL 2 doa sale rte la Ma tae ne ear Ie 25-28 

SUMMON MMOL. aos tii oe ee 100 

Sunira 
(DUGOUOU DIDO. 5 rere teen a senr ree Aes CaN Meola tS) 

SNIIINE, 5 Le Se Me MMe Ree Rani onli Tee 37-47 

Symphoromyia 
(HW TES eae SONBSS Sere ear CaN e M11 

cs S/OBDYO VON LGR Sat Net oe gel ee a ae te vee lOd 

Bayle POMC Cs al eG. real ee uae ese: 33, 36 

SAD MG ere tee ea a ee ey 70-74 

WE OTUSi i le Sie a ee 55, 70-74, 111 
Cif OLS 2S ESRI SS TU cia IN ee Te ee era OR 03 
MUO VOLOUUS iat een ers Weer OT eer gO OL lil 
fromlales SeplemiTiOnGlys xn, 73 

Temperature ........ 4-8, 13, 15; 75 26,29, 42) 

46, Gl, 75, 114 

seme brionidder se. alee eo 74 

PREM LIKeCIMIGAe, x25). nes Gee ee 63, 65-67 

Srenthredimoidea. 0. eee ase 66 


“TERE Vai; E ae prevelK@ sans ie ates aan en ae en ers oases 61 


RIRCE ANUS Gree eenn ect ee et ned M Se dian Cec ate Raeles & 
Tetralophia 

CSP ONO CULO He tines sel rene pare aa, 61-62 
gketravchidaey yo. meenie © date pet Seeiaee 33 
Tetranychus 

OOO ALG ce MN Ce Oe ye aT od on te 33 

MIO GUT CUS. Orie i) NEN ac Cian Nas ioe 33 
TE) our) ONG le SENSE. Aa er ote pt Nase Pe eM, Kar 35 
“TRLDBGW OR = Ra AS, een ge 37, 104, 109-110 

PAGS <7 ieee oe A. Ok Goo ee . 110 

ODIOMP ae 2 ek mae OG BUTT Shel 104, 110 
eluiysanmobena ya seer es apes 33, 35 
Ticks 

PANT CHCA COS EI sexe FL hn ee a ial 
Tobacco 

DUG WO TIN CRE Ss eee IN Se Tt | 100 

MMOS ANC mre reste eC ee a ne 9 

MIAO eee ee ecler ations chy ne ets wi Ne 115 
‘Tomato 

INOBMIWOMMIG ee er Meeks Hee ok 100, 104 
sontmalerdiaess. ans. raters he rete dk 13 
Toxomerus 

RCT CLUS ner tae, Cite ONG ie, hs ke 36 
‘Traps 

SUCH OWE ae SS AN ee hed 2 ee ae 22 
‘Treehoppers 

I Uihialoteeet ect crn Am is cee eee 105 
Tribolium 

COST OTUCIIMI CD SRN tity kOe eG ET Ne 1 a 

COMPUS UM ee ame es ne ea 74-77 

GESTRUCLTORE ee te ORL ey ten TS OLE 
Trichiosoma 

ENUCTUOULUND rere ce ce Ml Me cy 62-63 
Triphidaphis 

1 OCIS OIC) 2 i ied erate tee eee a OR 101 
Trogium 

DUISGUONTU Re cre ee ES ae i 
PLTUpaMmMeidac i Fe kot fi i ae) 
PIP ERENIOSIS marr e e e e 8 
SIGS TORS PMU aS a SO a een ieee ene es 77-84 
Tychius 

OU USCALS Phe noha eee otto 0) cause weet a eA 9I 

PUCEGOS URIS Ae, secs fawn cance et cs 85-91, 98 

SUC PIM CTS WN are tenet eee aa eta 99 
Typhlocyba 

OEP UOUGIIN OLE Wap se Hee oo Ae toe GER UMS ES 109 
Typhlodromus 

I OULU GOSS Gs his Ae 2 Pee aati OE 36 

WONVODPTUIUUS AR reset eC aera LAS. Sincere sean: 37 
Tyroglyphus 

UGTON OWE Gh 8 Sa sepa aly ee Ie OEE 114 
NV ATISUIG Reto e renee tas eee oti Ge oe oe 7, 9-13, 94 

MME USTONI OOUTES Re sory eee cence foe sce. 9 

WoOlwineicalleses cis, Sere ke esd, canesress 9-11, 13-14 

LOWACCO MOS ATG. 424. tees wc eitesee ede? 9 
BRIO an Cesc as ea Meta Cola tu ae ere 37-4] 
WHAISIDS iets ee trmn ee ete ees. ALD 
WEDS “TORN BY eaglee eee Jae ose des iA cee ae ee a ae eee 115 


Sore WED WOW oy. fe 
ee heer 


apple flea ............ 


black@vine 0 
MclOver. 2 aes. 
eranany ols ee. 
SSUrAWIDEDTY sa.6 cuca 

_ strawberry root. ..... 

“sweet clover .......... 


‘ 
e x ; 
vi 
: t 
4 as 
x 
KAS 
x) 5 
‘ 
34 
i 
7 2 
* 
xX 


| Sighty-thind 
ANNUAL REPOREI 
of the 

Entomological 
Society 


CURA TAIT A 


Ontario 


| nil i 
. , # z k \ 
if a: bgt atl ak af \ 
: bh {> ry trie ¢ \ 
j 952 \ U nH ¢ ic @. 3 
aN poe y 


ase INS. i 
Se NATL: WS. 


LUAU ROU 


“Published by authority of 
_ HONOURABLE F. S. THOMAS 
es Minister of Agriculture for Ontario 


OA 


Vice-President: 


Acting-Librarian: W. C. ALLAN, G ae 


Tiree. S. G. SMITH, Sault Ste. Marie. 


B. N. SMALLMAN, London. 


S. H. SHorT, Ottawa, eae z i 
A. W. A. Brown, London, 
J. H. H. PHILLIPS, St. ‘Catharines, 
C. A. S. SmitH, Belleville. 5 


CONTENTS 


INVITATION AND SUBMITTED PAPERS 


Some Aspects of ‘Research and Development in Fumigation in Europe and North Africa 
Ripe ica OE a eal pet ee Sin eT eee eee vane A eerie a. OA A  NEONRO 


Cutworm Control with Aldrin, Dieldrin, Endrin and JIsodrin in Bran-Water Baits 
ee Pee ae ee cana Nin Sutra ea tetha eE Va ou an ae ME Mem ON ELE Im a oS ty A. V. MITCHENER 


Cutworm Control with Ground Sprays in Manitoba in 1952 2.0000. : A. V. MITCHENER 


Notes on Stethorus punctum (Lec.) (Coleoptera: Coccinellidae), a Predator of Tetranychid 
Pee ome UAE ODA Ayr. cele eet Mien rp ee oe hai ay RN Sa as ed A. G. ROBINSON 


Progress Report on Predacious Mite Investigations in Nova Scotia (Acarina: Phytoseiidae) 
ba tcor Sch ROR ga aE Eee NG tan otra OO ec, ea ecto A reat ee H. J. HERBERT 


Cytochrome Oxidase and Cyanide’ Sensitivity of the Larch Sawfly during Metamorphosis 
ce rr Sy hee ea Pt catia 28.2 NRCDONALD and. AW, A+ BROWN 


Diptera and Hymenoptera Reared from Pine Cone Willow Galls Caused by Rhabdophaga 
Sue amacn sD eer a LEOMUGIIAe i of. siis 7, fist steSs Be ecient asap degheae See Sade ncahe runs W. W. Jupp 


Increase of the Multivoltine Strain of the European Corn Borer, Pyrausta nubilalis (Hbn.) 
(iepideptera: Pyralidae), in Southwestern Ontario... 00... H. B. WREsSELL 


Annotated Catalogue of Insect and other Invertebrate Fests of Tobacco in Canada 
sc al ughy ste ei Slaoe apie ae. ae eA ee ie ease eck SRE ENE, coh AE an RS PE Re C.J. S. Fox and G. M. STIRRETT 


Planting-Weter Treatments for the Control of Wireworms in Tobacco ............ RAS 2BEGE 


Note on Control of Flea Beetles on Tomatoes by Pre-Transplanting Treatments (Coleoptera: 
SDI GYSOMICHICAG) Fee Shel cake ree, ee eh Sec tegen Weis le Pps year on rte Soaps le J. E. ARMAND 


The Post-Harvest Control of Miccotrogus picirostris (F.) (Coleoptera: Curculionidae) in 
Alsike Fields, 1949-1952....W. E. Hemine, D. A. Arnott, K. G. Davey and C. R. MORELAND 


Summary of Important Insect Infestations, Occurrences, and Damage in Canada in 1952 
C. G. MAcNay 


no 
1 Ne) 


ND 
~I 


30 


34 


43 


48 


58 


95 


98 


Report of the Entomological Society of Ontario 5 


SOME ASPECTS OF RESEARCH AND DEVELOPMENT 
IN FUMIGATION IN EUROPE AND NORTH AFRICA’ 


H. A. U. Monro? 


Science Service Laboratory, London, Ontario 


During the spring and early summer of 1952, in the course of an official investigation in 
Europe, visits were paid to a number of laboratories and installations in the United Kingdom 
and other countries where research or practical operations are conducted in the field of 
fumigation. ? 


In Europe, as in North America, numerous problems have been solved by techniques employ- 
ing poison gas. Fumigants have proved to be extremely adaptable for application in all kinds 
of structures, whether originally intended as fumigation chambers or not. Thus, insect control 
problems in ships, barges, railway freight cars, granaries, elevators, and warehouses, have been 
successfully solved by the use of poison gas. Portable devices such as tents and tarpaulins de- 
veloped for various purposes have enabled fumigants to be used in the field. To this list we 
may add specially designed fumigation chambers, used either at atmospheric pressure or under 
vacuum. ‘The widespread application of gaseous agents to the soil has recently opened up an 
entirely new field of research and development. 


In view of the wide scope of this subject it was only possible to cover a limited field in each 
country visited. The subject matter of this report has been arranged according to countries. 


As vacuum fumigation presents an interesting study in the differences in technique from one 
country to another, a special account is given of this subject. 


TECHNIQUES OF VACUUM FUMIGATION 


It is probable that vacuum fumigation was first employed in a practical way in the United 
States about 1912, being developed almost simultaneously by D. B. Mackie in California and 
E. R. Sasser and L. A. Hawkins of the United States Department of Agriculture. 

At first, it was the opinion of Mackie and others that best results would be achieved by 
the so-called “dissipated” vacuum technique. ‘This consisted essentially of drawing an initial 
vacuum of about 60 mm. of absolute mercurial pressure in a specially designed fumigation tank. 
On reaching the required vacuum, the needed amount of fumigant was dispensed into the 
chamber according to the particular treatment desired. Immediately after the introduction of 
the poison gas, atmospheric air was allowed to flow into the chamber to restore the pressure 
almost to that of the outside atmosphere. In actual practice atmospheric pressure was not at- 
tained, it being desirable to retain a slight vacuum of about 600 mm. of pressure inside the 
chamber to prevent leakage of the fumigant to the outside air. This arrangement also ensured 
that the door of the chamber remained closed during the fumigation period, and was additional 
security to the use of clamps and_ bolts. This technique is now also referred to as the “vacuum 
released” method. 


Subsequently, workers in the United States, and we ourselves in Canada, observed that far 
more effective results were obtained with a number of products if the vacuum was retained in 
the chamber after the introduction of the fumigant, for the duration of the fumigation period. 
This technique came to be known as the “vacuum sustained’? method. Observations of an 
apparent superiority of the new technique were subsequently confirmed in laboratory work 
by Cotton, Latta, Lindgren, Crumb and Chamberlain, and others in the United States, and 
ourselves in Canada (see review by Monro, 1941). Thus, about fifteen years ago, as far as North 
America was concerned, it was established that for a number of non-perishable commodities so 


1 Contribution No. I1. Science Service Laboratory, Canada Agriculture, London, Ontario. 
*Senior Officer, Fumigation Unit. 
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far encountered, together with their appropriate insect pests, the vacuum sustained method was 
the most efficient for applying the commonly used fumigants, such as hydrocyanic acid gas, 
methyl! bromide, and ethylene oxide. 


It must be pointed out, however, that treatments of fresh fruits, vegetabies, growing plants, 
and most dormant nursery stock must be conducted either with the released vacuum or at 
atmospheric pressure, because sustained pressures below 300 mm. of mercury may be injurious 
to living plant tissues. 


In visits to France and North Africa, it was found that French manufacturers of vacuum 
fumigation equipment are installing vacuum fumigation plants based on a refinement of the 
released vacuum technique. This refinement consists not of following the fumigant with 
a stream cf air, but cf allowing the fumigant in a gaseous form to be mixed evenly with the 
inflow of atmospheric air, so that a constant proportion of fumigant to air is maintained until 
the entire dosage has been introduced. Here again, the flow is so arranged that a slight vacuum 
is left in the chamber to ensure that the doors will not come open and the fumigant escape. 
This technique has been investigated and reported on by A. Lepigre of Algiers (1934), and is 
discussed fully in his book on vacuum fumigation (1949). It is referred to by this worker as 
“La méthode des introductions simultanées”, or the method of “simultaneous introduction” 
ig. 1.) 


In practice, this method of simultaneous introduction calls for extra equipment in a vacuum 
fumigation plant, as it is necessary to provide a gasholder or gasometer to hoid the fumigant 
in the gaseous form so that it can be introduced simultaneously with the air in the correct 
proportions. 


D 


Fig. 1. —=— Diagramme de la méthode des _ introductions 


simultanées. 
A: Vide de 0 4 670 mm. — B: Introduction du mélange 
insecticide de 670 a 20 mm. — B’: Remontée de vide en fin 


d’introduction. — C: Séjour sous vapeurs (désinsectisation). — 
D: Introduction d’air de 20 a 0. — E, E’: Vides de O a 
650 mm. — F, F’ : Introductions d’air pur de 650 4 O. (Orig.). 


Diagram I 


Figure 1. Vacuum Fumigation. Diagram (I) illustrates the method of “simultaneous 
introduction”, diagram (II) the “‘vacuum sustained’ technique. Pressures in millimeters 
of mercury. (From Lepigre) 
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Fig. 2. — Diagramme de la méthode élémentaire ou amé- 
ricaine. 
A: Vide de 0 4 670 mm. — B: Introduction de fumigant 
pur. — C : Séjour sous vapeurs (désinsectisation). — D: Intro- 
duction d’air jusqu’a 0. — E, E’: Vides de 0 a 650 mm. — 
F, F’: Introductions d’air pur de 650 a QO. (Orig.). 
Diagram II 
A. Initial evacuation of chamber. 
B. Introduction of fumigant: In (I) the fumigant is introduced in a stream of air until pressure 
is returned almost to that of the atmosphere; in (II) the fumigant is not diluted during the 
“sustained” treatment. 
C. Period of fumigation. 
D. Introduction of air at end of exposure. © 
E E’. Successive evacuai‘ons fer ‘fair washing’’. 
F, F’. Successive intreductions of air for “air washing’’. 


In the United Kingdom, research teams under W. Burns-Brown at the Pest Infestation 
Laboratory at Slough, and under A.B.P. Page at the Imperial College field station near Ascot, 
are at present conducting experiments with a number of different products to compare the 
efficiency of the two techniques. 


In Germany, the fumigant manufacturing concern “Degesch” has developed vacuum fumiga- 
tion equipment based on the principle of the sustained vaccum, with a further refinement brought 
about by a recirculating system to keep the fumigant under continuous movement during the 
first half-hour of the exposure period, so as to ensure its even distribution. 


A scientific basis and explanation for the believed superiority of the vacuum sustained method 
lies in the independent observations of Cotton (1932) and of Moore and Carpenter (1938), who 
found that oxygen deficiency increases the susceptibility of insects to fumigants. 


In vacuum fumigation a serious problem is that of obtaining an even distribution of the 
fumigant throughout the chamber and within the product undergoing treatment. The method 
of simultaneous introduction obviously ensures a homogeneous mixture of fumigant and air 
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external to the load. However, in addition to the biological effects mentioned, it also appears 
that there are certain physical chemical factors influencing the rate of penetration of lethal 
concentrations, which favour the use of the vacuum sustained method with a large number of 
commodities so far investigated. 


RESEARCH AND DEVELOPMENT IN DIFFERENT COUNTRIES 
A. UNITED KINGDOM 
(i) Pest Infestation Laboratory 


The Department of Scientific and Industrial Research maintains a large laboratory at Slough, | 
Buckinghamshire, known as the Pest Infestation Laboratory; G. V. B. Herford is the Director. 
One of the departments of this laboratory is the Fumigation Section under the leadership of 
W. Burns-Brown. This section consists of a team of tem professional workers and technicians. 
The work of this section, in accordance with the terms of reference of the Pest Infestation 
Laboratory as a whole, deals with what might be termed “industrial fumigation”. Thus they 
are dealing mostly with stored product pests and related problems. The work of the section is 
divided into two, one part of the staff working on basic research on fumigants under laboratory 
conditions, and the other, under H. K. Heseltine, is a field unit. This unit is equipped with 
a mobile fumigation laboratory and works largely in the field testing new developments in 
fumigation application, usually based on the results of the work of the laboratory section. In 
this way it is felt that the section as a whole is kept in touch with field conditions and problems. 


For the laboratory testing of fumigants, the section is equipped with two steel chambers of 
approximately 1700 litres capacity. Each of these chambers is housed in air-conditioned rooms, 
so that treatments at two levels of temperature can be investigated simultaneously. The chambers 
are well-equipped for gas analysis studies and the withdrawal of exposed insects. They can be 
used for vacuum or atmospheric fumigation tests. 


The work of the fumigation section, in common with the rest of the laboratory, is largely 
integrated with the activities of the British Ministry of Agriculture and Fisheries, in the practical 
pest control work supervised by the Division of Infestation Control. The work of this division 
is described below. 


Other sections of the Pest Infestation Laboratory are those of Biology, Grain Storage and 
Mycology, Insecticides, and Biochemistry. The latter section has recently been working on the 
biochemical aspects of fumigation, principally those concerned with the use of methyl bromide. 


(ii) Imperial College of Science and Technology, Biological Field Station, 
Silwood (near Ascot), Buckinghamshire 


The work of this laboratory lies under the direction of J. W. Munro, Head of the Depart- 
ment of Zoology. This department is mainly concerned with applied entomology and has on 
its staff A. B. P. Page and O. F. Labatti, both of whom have made extensive contributions to 
our knowledge of fumigation. As the Slough Laboratory is concentrating mainly on stored 
product fumigation problems, this team is studying principally the application of fumigants to 
agriculture. 


The laboratory at this station is organized for the work of advanced research workers and 
also for the training of graduate students. 


The entomological laboratory is housed in a converted mansion and there is ample space for 
the fairly extensive program of fumigation research. Problems in hand at present include 
a study of the vacuum fumigation technique, the absorption of fumigants by soils, the fumiga- 
tion of potatoes and other agricultural products with methyl bromide, and methods of fumigant 
analysis. Recently a new method of detecting methyl bromide in low concentrations has been 
devised, using a linear reaction on test papers rather than a flame colouration (Call, 1952). 
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i) Ministry of Agriculture and Fisheries, 
Division of Infestation Control 


The control of infestation in products imported into the United Kingdom comes under the 
above organization. Actually, in its entirety, this division also deals with other problems, such 
as the control of rats. The Director is W. McCauley Gracie. His chief scientific assistant is 
J. W. Evans and J. A. Freeman is Chief Entomologist. The work of the division is divided into 


Figure 2. Consignment of cocoa beans awaiting fumigation, Port of London. 
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two sections, one dealing with rodents and the other with insect infestation. This division is 
empowered to inspect and retain for treatment, if required, only foodstuffs being imported 
through the agency of or for the account of the British Ministry of Food. In the case of private 
importations, which at present form a very small percentage of the food entering the United 
Kingdom, the inspectors of the division often examine these and advise the importer if they 
consider some treatment should be carried out: the recommendations of the imspectors are 
usually followed, but it must be emphasized that under the present system the government 
authorifies do not insist on the treatment of private importations. 


In additien to the supervision of material at the time of importation, the inspectors of this 
Division are also responsible for the supervision of storage facilities. In this way, a check is kept 
on the material until it is delivered for processing. 


In the United Kingdom, at the large ports where imported foodstuffs are unloaded, barges 
are used extensively for treating a wide range of products. As the British barge is admirably 
suited for fumigation work, it plays much the same role as the Canadian railroad car in the 
organization of the pest control program in imported plant products (Figs. 2, 3). 


Figure 3. Applying methyl bromide, barge fumigation of cocoa beans, Port of Londen. 


Grain storages in the United Kingdom are often unsuited as structures in which fumigation 
of bulk grain may be carried out. Thus much of the grain found to be infested is treated in 
the barges used for transporting it to the storages (Fig. 4). Although experimental work has 
shown that it is difficult to obtain a good distribution of methyl bromide in bulk grain, the 


We 
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Ministry authorities are satisfied so far with the practical results of fumigation in barges with 


‘this gas introduced from jets above the surface of the grain. Some grain is also treated in railway 
“waggons’” (box cars and open cars) under rubberized or plasticised tarpaulins. 


Most of the fumigations are carried out by pest control companies specializing in this type 
of work. 


B. FRANCE AND ALGERIA 


In France and French North African territories, the principal line of fumigation develop- 
ment has been the erection of numerous vacuum fumigation installations, mostly at the larger 
sea ports. Those in France are concerned mainly with the treatment of imported fruits, vege- 
tables, and nursery stock. The numerous stations in North Africa have been designed principally 
for the fumigation of outgoing cargoes of dates and figs, of which large quantities are handled 
annually, and for importations of nursery stock. 


The independent research on fumigation has been done largely in the entomological labor- 


-atory at Algiers by Dr. A. Lepigre and his associates. 


(i) Organization of the Plant Protection Service in France 


In Paris an interview was held with Mr. Paul Dumas, Chief of the Plant Protection Service 
of the French Ministry of Agriculture (Service de la Protection des Végétaux). This service covers 
a rather wide range of activities including the inspection and control of importations of plants 


Figure 4. Milwall Dock, Port of London. Floating suction tower unloading Australian wheat 
into barges for fumigation. 
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and plant products, the examination of exported plant material, and, in addition, the actual 


carrying out of domestic plant disease and insect control programs. This work is largely of an _ 


extension nature, in that advice is given to farmers, and propaganda work of one kind or 
another is carried on. 


Vacuum fumigation plants at ports of importation in France, therefore, fall under the control 
of this division. At present the one at Le Havre is the only one actively functioning, but others 
are in the course of construction, or proposed, at Nantes, Dunkirk, Bordeaux, Marseilles and on 
the Franco-German frontier at Strasbourg. 


Figure 5. Fumigation Station, Le Havre. Chamber for treating raiiroad cars 
under released vacuum. 


(ii) Fumigation Station at Le Havre 


The port of Le Havre was almost completely destroyed during the last war and an opportunity 
has been afforded for the erection of very modern facilities throughout. Not least among these 
is a new fumigation station. This has been supplied with adequate tracking and road facilities. 


The installation is built around the vacuum released technique with simultaneous intro- 
duction of gas and air. There are four steel vacuum fumigation autoclaves of 706, 1095, 1765, 
and 2647 cubic feet internal capacity. Evacuation of the air is effected by a battery of rotary 
pumps. The rotary pump is popular with French engineers for vacuum fumigation, as opposed 
to the reciprocating type usually found in American and Canadian installations. An interesting 
feature of the vacuum chambers is the special provision of waterfilled door gaskets. After the 
door is closed, the automatic equipment is turned on and water forced, under pressure, into 


St Seale 
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the hollow tube of the gasket. ‘This ensures that a very tight seal is made between the wall of 
the tank and the door. Of course, this precaution is made more necessary by the fact that the 
vacuum is released almost to atmospheric pressure by the simultaneous introduction of gas and 
air. The installation was made by Mallet S. A. of Paris. 


The large outdoor concrete chamber (Fig. 5) was designed for fumigating, under released 
vacuum, an entire railroad car and its contents. 


(iii) Fumigation Station at Algiers 

Under the auspices of the various French-controlled regimes in North Africa, numerous 
vacuum installations have been made at key points in the date-, fig-, and tobacco-growing regions, 
and also at the ports of exportation such as Casablanca, Oran and Algiers. 


In Algiers is one of the largest vacuum fumigation installations in the world. Here are 
vacuum tanks with capacities of 70, 140, 350, 700, 1765 and 2470 cubic feet respectively (Figs. 6, 
7. and 8). This installation was also made by Mallet S. A. of Paris. 


Figure 6. Fumigation Station, Algiers. Entrance to tanks on “dirty side’’. 
(Photo courtesy A. Lepigre.) 


In the background of Figure 8 the gasometers are clearly shown. The one on the left is for 
methyl bromide, the other for ethylene oxide. Owing to its high solubility in liquids, HCN 
cannot be handled by a gasometric method and is dispensed from a reaction tank by the chemical 
reaction of sulphuric acid and sodium cyanide. 


A remarkable feature of the Algerian installation is the large amount of space devoted to 
the fumigation station itself. This permits handling and storing of large quantities of goods 
before and after fumigation. 


12 REPORT OF THE ENTOMOLOGICAL 


- 


Another feature of this and other French installations is the fact that the incoming infected 
goods are completely separated from the treated goods by a wall through which the tanks are 
built. The advantages of such a layout need no elaboration. 


(iv) Fumigation Research Laboratory, Algiers 


The research laboratory where A. Lepigre and his associates carry out work on fumigation 


is situated at the insectary of the well-known Jardin d’Essai (Botanical Gardens) of Algiers. — 


Figure 7. Fumigation Station, Algiers. Discharge doors of tanks on “clean side’’. 
(Photo courtesy A. Lepigre.) 


The fumigation laboratory is separated from the rest of the insectary in a self-contained 
building partly below ground, in an effort, in the Algerian climate, to maintain a fairly constant 
temperature. 


Here Lepigre and his associates have carried on fumigation research for over twenty years. 
A recent contribution has been made from studies of the effect of fumigants on the diastasic 
fermentation of vegetable products. Lepigre, in collaboration with M. A. Bobier (1952) has 
demonstrated that the curing of tobacco can be reduced from several weeks to a few days by 
treating it with ethylene oxide in a suitable chamber. 
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sf Figure 8. Fumigation Station, Algiers. Gasometers for dispensing methyl bromide and 
a ethylene oxide. (Photo courtesy A. Lepigre.) 


C. SWITZERLAND 


A visit was paid to Switzerland to inspect the permanent fumigation systems set up in grain 
1% . - . . . . - . 
elevators (silos) belonging to and operated by the Swiss Federal Grain Administration (Admi- 
nistration Fédérale des Blés). 


ae The history of the organization of this permanent system of fumigation in grain silos dates 

back to the World War of 1914-18. Before this time all grain storage was in private hands, but 
_ during the war grave problems of infestation, resulting from prolonged storage and associated 
difficulties, caused the government in 1922 to introduce legislation to allow for the erection of 
their own silos. 


About hali of the Swiss grain for human consumption has to be imported from abroad, and 
befcre 1939 it was necessary to attempt to lay in stores sufficient for several years’ consumption. 
‘ In 1939, as war was once again expected, the importation of grain was considerably increased 
and it was decided to install fumigating apparatus. The actual designs of the installations in the 
silos are based on some original German plans developed for use with Cartox (a mixture of 
_ ethylene oxide and carbon dioxide). However, results with this were not completely satisfactory 
and the Swiss authorities were also faced with the problem of supply of fumigants in case of war. 
| A Swiss manufacturing concern had already undertaken the manvfacture of methyl bromide and 
after some preliminary work by P. Benz of Zurich, consultant to the Administration, it was 
decided to use this gas in the silos. For the reason explained below, the fumigant used contains 
90% methyl bromide and 10% carbon dioxide. 
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There are now about sixteen of the government-owned silos which are equipped with the 
permanent fumigation installation, and there are also a number of privately owned ones which 
have adopted the equipment. 


As will be seen from the illustrations, the Swiss silos are usually built on a rectangular plan 
and the individual bins are thus square or rectangular. A ty pical bin is 70 feet deep and 12x 12 
feet square. Much of the work is carried out by automatic controls, and in most of the silos 
there are only two permanent employees on duty. 


NOT TO SCALE 


Figure 9. Swiss Federal Grain Administration. Diasram of Fumigation System in silos. 
(Pheto ccurtesy H. M. Government, D.S.I.R.) 


(A) Blower with centrifugal fan. 

(B) Steel expansion chamber. 

(C) Manifold pipe running below bins. 

(D) Fixed pipe installation with shut-off valve (E). 
(F), (G), (H) Installation for flexible, detachable pipes. 
(J), (K) Fixed pipe installation at bin top. 

(L), (M) Flexible pipe installation at bin top. 

(P) Recirculation pipe. 

(Q) Fresh air intake. 

(R) Exhaust valve to roof. 

(S) Shut off valve for recirculating system. 


At the base of each bin is a counter. grading device and, periodically, grain 1s drawn off 
from the bin through this device in four streams. By this means significant increases in temper- 
ature in each of the four quadrants of the bin can be detected and the possibility of this being 
associated with insect infestation gives warning of the need for fumigation. 
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_ Concrete bins are the most common. However, in some silos steel bins are installed. In the 
early days of the fumigation program some difficulty was encountered with gas leakage through 
the porous cement walls. This has been corrected by the use of internal bituminous coatings, 
covered by two layers of rubber-based paint. 


The general layout of the fumigation system is illustrated in Figure 9. The fumigant dis- 
pensing machinery is always installed in the floor below the bins. By means of a system of 
piping the fumigant (Figs. 12 & 13) may be carried to any desiied bin in the silo and exhausted 
therefrom at the end of the exposure period. By manipulation of the appropriate valves, re- 
circulation of the fumigant may be carried out as desired. 


The usual dosage of methyl bromide applied is 15 grams per cubic meter. The flow of the 
fumigant from the gas cylinder is regulated by a flowmeter, which in turn is controlled by 
a concentration meter set up in the piping. This concentration meter works on the principle 
of the thermal conductivity of CO,; hence the need for this gas to the extent of 10% of the 
fumigant mixture. The fumigant flows into the expansion chamber (Fig. 10) and is then in- 


Figure 10. Swiss silos, steel expansion chamber, with blower and attachment for methyl 
bromide cylinder. (Photo courtesy H. M. Government, D.S.I.R.) 


Figure 11. Swiss silo, special manhcle for sealing bin when flexible piping installation used. 
(Photo courtesy H. M, Government, D.S.I-R.), 


Figure 12. Swiss silo. Permanent fumigation piping above bin. 
(Photo courtesy H. M. Government, D.S.I.R.) 
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corporated with the air stream moving by recirculation throughout the whole system. Re- 
circulation is usually continued for two hours after the dosage is applied, and under normal 
conditions the exposure period is 48 hours. At the end of the fumigation, the gas may be dis- 
charged through the exhaust system directly out through the roof or sometimes through a flexible 
pipe atached to the dust aspiration piping. If more than one hin is to be fumigated at about 
the same time, it is customary not to exhaust the fumigant but to divert it to another bin. By 
means of the concentration meter it is possible to restore the required dosage of fumigant. 
However, this restoration is never repeated more than two or three times with the same original 
dose of fumigant. 


Before fumigation the ordinary manhole cover is replaced by a special cover with a rubber 
gasket and a device for clamping it down (Figure 11). Special provision is made for sealing 
the holes of the grain delivery and grain outlet pipes. It is usual practice to test the individual 
bins for gas tightness by attaching a water manometer to an inlet tube and operating a blower. 


Figure 13. Swiss silo. Flexible fumigation piping, with special bin cover, above bins. 
(Photo ccurtesy H. M. Government, D.S.I.R.) 


If a pre-selected height on the water gauge is not reached in five minutes, it is suspected that 
there is a leakage in the system and appropriate measures are carried out. 


The recirculating motor employed is a fairly low-powered one of 3 —4 horsepower operating 
a centrifugal fan. ‘Such a blower is capable of moving 200 cubic feet of air per minute through 
a given bin. 


D. GERMANY 


During a short time spent in Germany, a visit was made to the laboratories and plant of the 
fumigant manufacturers and distributors, Deutsche Gesellschaft fiir Schadlingsbekampfung 
_(Degesch) at Frankfurt am Main. This company designs and supplies vacuum fumigation 
‘chambers. The “Degesch system” for vacuum fumigation is based on the sustained vacuum 
technique, supplemented by a recirculating system. To their vacuum chambers is added a pipe 
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Figure 14. Five-ton grain storage and treatment silo (Degesch). 
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line by means of which continuous circulation of the fumigant is maintained during the first 
half hour of the exposure period. It is claimed that by this method problems of gas distribution 
are overcome and full advantage is taken of the biological effects of the sustained vacuum. This 
company also manufactures mobile vans for fumigating nursery stock. 


A steel five-ton storage silo manufactured by this concern is illustrated in Figure 14. This 
silo can be used for the storage of grain or seeds and is equipped with a small-scale circulation 
system and is also being sold as a supplement to grain storage for the purpose of treating grain 
in small lots. There is no doubt that such a silo would find a useful place in many control 
operations against grain and seed infesting insects. It can also be adapted for developmental 
research. 
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CUTWORM CONTROL WITH ALDRIN, DIELDRIN, ENDRIN AND 
ISODRIN IN BRAN-WATER BAITS 


A. V. MITCHENER 


Department of Entomology, 
The University of Manitoba, Winnipeg 


During 1951, Mitchener (1952) used aldrin, dieldrin and endrin (Hyman compound 269) 
in bran-water baits in the ratio of one part of each insecticide to 41, 83 and 166 parts bran 
respectively and obtained excellent cutworm control at the end of 72 hours in each instance. 
The results indicated that experiments with further dilutions should be undertaken and these 
were carried out during late May and early June in 1952. A fourth insecticide isodrin (Hyman 
compound 711) was included in these experiments. 
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MATERIALS.—Half-grown or larger cutworm larvae, probably mostly the red-backed cut- 


worm, Euxoa ochrogaster (Guen.), were collected locally as needed and kept at approximately 
40° F. until shortly before being used. The basic ingredients in the baits were bran and water 


in equal amounts by weight. Aldrin (Sample No. 9561, 23 per cent aldrin equivalent emulsi- 
fiable concentrate), dieldrin (Sample No. 9562, 18.5 per cent emulsifiable concentrate), endrin 
(Sample No. 9563, 18.5 per cent emulsifiable concentrate) and isodrin (Sample 9564, 18.5 per 
cent emulsifiable concentrate) were each added to the basic ingredients at the rate of one part 
actual insecticide to 166, 333, 666 and 1333 parts of dry bran respectively. The check groups 
of cutworms were fed on the bran-water mixture. 


All experimental lots of cutworms were placed in open, clean, circular tin containers with 


straight sides, approximately 10% inches in diameter and 114 inches deep, from which they 
were unable to escape. All bait experiments were carried out in a room where the recorded 
temperature ranged from 68° F. to 80° F. and the relative humidity from 26 per cent to 39 per 
cent. Poisoned bait from the same sample, which had been kept tightly covered, was fed to 
the cutworms in each of the four replicated experiments. 


METHODS.—The method used in carrying out these experiments was the same as that 
followed in 1951. Twenty cutworms approximately half grown or slightly larger were placed 
in each of the eighteen tins for each replicate. Thirty freshly gathered alfalfa leaflets were fed 
to each lot of cutworms daily throughout the course of each experiment. Each bait was made up 
of 25 grams bran and 25 c.c. water and the amount of poison required to provide the ratios 
of poison and dry bran stated above. The required amount of each poison was mixed with 
the 25 c.c. of water and this was then added to the dry bran in an Atlas cardboard container 
and all shaken together thoroughly until every particle of the bran was damp. In each experiment 
approximately cne level teaspoonful, approximately 1.8 ems., of the prepared bait was scattered 
over the bottom of each tin which had an area of approximately 82.5 square inches. Each cut- 
worm larva could chocse between fresh alfalfa leaflets or bran in each tin. Counts of dead, 
dying and active cutworms were made 24, 48 and 72 hours after each bait had been given. In 
these experiments 1440 cutworm larvae were used. : 


RESULTS AND DISCU'SSION.--The results of this investigation are shown in Table 1. 
Each experiment was replicated four times. For example, in Experiment 1 the bait containing 
one part aldrin to 166 parts dry bran was fed to four different lots of 20 cutworms and the 
average percentage of dead cutworms among the 80 specimens was 7.6 at the end of 2+ hours. 
An examination cf the data in Table 1 shows that isodrin acts slightly more quickly than the 
other insecticides on cutworm larvae. If 95 per cent effectiveness is used as an arbitrary criterion, 
Table 1 shows that one part of aldrin, endrin or isodrin to 666 parts of dry bran is sufficient 
to effect a satisfactory cutworra mortality. To obtain similar results one part of dieldrin to 
333 parts of bran must be used. One part toxicant to 666 parts of dry bran means that 2.4 
ounces of aldrin, endrin or iscdrin mixed with 100 pounds of dry bran and an equal weight 
of water will give effective cutworm control if these laboratory results are applicable to field 
control. Approximately five ounces of dieldrin should give equally effective results. Experi- 
mental work not reported at this time indicates that cutworms may be killed by coming in 
contact with these poisons in the bait. 


SUMMARY.—(1) Aldrin, endrin and isodrin when used at the rate of one part actual 
chemical to 666 parts dry bran gave laboratory control of cutworms at or above the $5 per cent 
mortality level. 


(2) Dieldrin gave similar control when used at the rate of one part chemical to 333 parts 
dry bran. 
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basis from Julius Hyman and Company, Denver, Colorado and Shell Chemical Corporation, 
New York City. The aldrin, sample 9561; dieldrin, sample 9562; endrin (compound 269), 
sample 9563; and isodrin (compound 711), sample 9564 were supplied by Julius Hyman and 
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Company. Messrs. B. Furgala and A. L. Chiykowski,. student assistants, collected and sorted 
the larvae used in these experiments. This assistance which is much appreciated has made it 
possible to complete this investigation. 
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CUTWORM CONTROL WITH GROUND SPRAYS IN MANITOBA IN 1952 


A. V. MITCHENER 


Department of Entomology 
The University of Manitoba, Winnipeg 


A very heavy and extended outbreak of cutworms (Phalaenidae) occurred in the Red River 
Valley in.Manitoba in 1952. It is believed that the red-backed cutworm, Euxoa ochrogaster 
(Guen.), was the dominant species although no doubt other species also were involved. Sugar 
beet growers were among those most concerned although general farmers reported damage to 
fields of barley, flax, oats, peas, sunflowers and wheat. Market gardeners also had crops of 
beans, cabbage, cucumber, onions and tomatoes as well as flowers under attack. Altogether this 
was probably the most severe outbreak of cutworms in Manitoba in the last 30 years or more. 


The use of poisoned baits had been the only control recommended in Manitoba for cutworms 
previous to 1952. Many farmers now own large sprayers which for a number of years have been 
used to control farm weeds. It was decided to undertake experimental control of cutworms with 
ground sprays in 1952. The Manitoba Sugar Co. Ltd. has many farmers under contract to grow 
sugar beets. Field supervisors are in direct contact with these growers throughout the season. 
Through it’s head office, farmers were advised to use 3.6 ounces of actual dieldrin or 32.0 ounces 
of actual toxaphene per acre. Each insecticide was used in an emulsifiable formulation. 
Different types of sprayers deliver varying gallonages per acre and each farmer was advised to 
use the designated amount of toxicant in the amount of water that his sprayer would apply per 
acre. Farmers were told that this method of control was experimental as far as we were concerned 
in Manitoba. The ground spraying method of cutworm control met with the approval of many 
farmers at the outset as they could treat large fields quickly and with much less work than was 
involved in preparing and applying poisoned baits. At our request a list of farmers using ground 
sprays for cutworm control was compiled by the Manitoba Sugar Co. Ltd. A questionnaire was 
prepared and sent by the Department of Entomology to 191 farmers who had used these ground 
sprays. This report on the results of this experiment is based upon 49 completed forms which 
were returned. Jt is estimated that well over 6000 acres of various crops were sprayed for cut- 
worm control in Manitoba in 1952. 


DISCUSSION.—Most farmers who used the experimental emulsifiable formulation of dieldrin 
applied it at the rate of one gallon, containing 1.8 pounds of actual toxicant per gallon, to eight 
acres which was the recommended dosage of 3.6 oz. per acre. Some farmers used slightly less 
and a few used somewhat more. Table 1 shows that the average dosage for 21 farmers reporting 
was 3.6 oz. per acre. Farmers were asked to estimate the percentage of cutworms killed. Estimates 
varied from 75 to 100 per cent and averaged 91.2 per cent. Fifteen of the 21 farmers estimated 
a control of 90 per cent or more. Comments made by farmers indicated that they were well 
satisfied with the control obtained. One farmer said, “The control is easily applied and very 
effective.”. Another farmer stated, “I also found cutworms dying from its effects a week after 
spraying and a rain fell two days after spraying.” “Dieldrin is very effective and satisfactory,” 
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said another sugar beet grower. It is significant that every farmer who reported, considered the 
application effective. Some farmers felt that it was a dangerous chemical to use. Great care 
must be taken in handling this as well as all other insecticides. 


The recommended dosage of toxaphene was 32.0 ounces of actual toxicant per acre. The 
commercial emulsifiable formuation used contained six pounds of actual toxicant per gallon and 
the recommended dosage was one gallon of toxaphene in sufficient water to spray three acres. 


ables 1 


DIELDRIN AND TOXAPHENE IN GROUND SPRAYS FOR CUTWORM CONTROL 


ESE Te — ee 


. Number 


Number of Average 

Farmers Amount Number Farmers 

Replying Actual Farmers Average Reporting 

to No. Toxicant Reporting Estimated Results 

Toxicant Question- Crop Acres Used Results Percentage Unsatis- 

Used naire Sprayed Per Acre Effective Control factory 
dieldrin ~ 21 sugar beets 463 3.6 OZ. 2) OZ 0 
toxaphene 23 sugar beets OTT 33.8 OZ. 18 86.7 3 
toxaphene 5 flax, oats, 90 34.0 07. 5 96.0 0 

peas 


One farmer uSed as little as 20.0 ounces per acre and another used 72.0 ounces per acre, but the 
majority used approximately the amount recommended. The average as shown in Table 1 was 
33.8 ounces per acre tor sugar beets and 34.0 ounces per acre for grain crops. The average 
estimated control was 88.3 per cent. Three farmers out of 23 reporting on results from spraying 
sugar beet ground weve not satisfied with the results but each of these farmers had used only 
24.0 ounces per acre. The other 20 farmers thought that the control was effective. 


RECOMMENDATIONS.—Sprays should be applied in the evening or as late in the day 
as possible. The application should be made on a calm warm day when there is the prospect 
of a warm night wher cutworms will be most active. The ground should be covered evenly 
with the spray and at least five gallons of water should be used per acre. The emulsifiable 
formulation of an insecticide is recommended. 


Great care must be taken in handling these poisons. Do not allow the spray to come in 
contact with exposed parts of the body or with clothing. Avoid having the spray drift in the 
direction of the operator. Do not blow out clogged nozzles with the mouth. If any of the 
insecticide is spilled on clothing remove that clothing and put on clean garments at once. Wash 
hands and face and sciled clothing with soap and water to remove any adhering poison. Keep 
all containers of poison away from children and live stock. Keep the chemicals stored away 
from frost. 


SUMMARY.—Dieldrin when used at the rate of 3.6 ounces of actual toxicant per acre and 
toxaphene when used at the rate of 32.0 ounces of actual toxicant per acre each gave very 
satisfactory control of cutworms when used in water as a ground spray in Manitoba in 1952. 
Farmers preferred ground spraying to ground baiting as the former is quicker, easier to accom- 
plish and very effective. In most cases only cne application is needed if it is applied when the 
_ cutworm damage is first noticed and when optimum weather conditions prevail. 


ACKNOWLEDGMENTS.—The writer wishes to acknowledge the assistance of Mr. E. G. 
Minielly, Manitoba Sugar Co, Ltd. and his field supervisors for their ready co-operation. He is 
also grateful to the Manitoba Department of Agriculture for making the dieldrin available. 
The assistance of many farmers in~ completing and returning questionnaires is also much 
appreciated. 
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NOTES ON STETHORUS PUNCTUM (LEC.) 
(COLEOPTERA: COCCINELLIDAE), | 
A PREDATOR OF TETRANYCHID MITES IN MANITOBA! 


A. G. ROBINSON? 


Laboratory of Entomology, Vineland Station, Ontario 


During 1950 ane 1951 a study was made at Brandon to determine the predators of tetranychid 
mites, particulary those of Eotetranychus mcdanieli (McG.) and Eotetranychus pacificus (McG.), 
present in Manitoba (Robinson, 1952). The most abundant, and possibly the most important, 
predator found was a small, black ladybird beetle, Stethorus punctum (Lec.). Although 
S. punctum has been frequently mentioned in the literature on predators of mites, very little de- 
tailed information on its biology is available. Some earlier papers giving information on the bi- 
ology of S. punctum are those of Duffey (1891), Weldon (1909), McGregor and McDonough (1917), 
and Garman and Townsend (1938). The following notes supply additional information on the 
habits of this valuable predator. : 


All stages of S. piunctum are fcund om the lower surfaces of leaves infested with mites. Both 
adults and larvae are predacious on all stages of the host mites. 


S. punctum overwinters as an adult, hibernating in trash cover under trees or shrubs, under 
bark, or in other protected habitats. Winter mortality in Manitoba is apparently high, for 
adults are abundant in late autumn but scarce in the spring. Adults were found on leaves from 
May 21 to September 22 in 1951. 


There are at least two complete generations per year in Manitoba. They overlap so much 
that overwintered, first-, and second-generation adults may be found at the same time on one 
’ tree later in the season. In. the laboratory, with constant optimum temperatures, suitable 
humidity, and plenty of food for the adults and larvae, four generations could be reared in one 
season. 


ADULT 


Adults are capable of a quick, jerky flight and can fly at least a few yards. Often, when 
disturbed on a leaf in the field they drop to the ground to escape. 

Laboratory studies showed that a segregated pair may mate more than once. The time spent 
in copula varies from a few seconds to two or three hours. Males often attempt to mate with 
other males, and the only positive means of determining sex is by dissection. Adult females 
occasionally lay infertile eggs if no mating has been allowed. 


EGG 


The eggs are laid singly, normally one on a leaf, but if the mite population is large there 
may be two or three. They are usually found close to a leaf vein, often underneath the webbing 
made by the mites, and sometimes partly hidden under mite exuviae or miscellaneous debris 
on the leaf. The eggs adhere tightly to the lower surface of the leaf, as though the egg chorion 
had been sticky when laid and had hardened immediately. In laboratory rearing, with only one 
leaf available to a female for a 24-hour period, normally four to ten eggs per leaf were found, 
with a maximum of 24. 


1Contribution No. 3068, Division of Entomology, Science Service, Department of Agriculture, 
Ottawa, Canada. 


Agricultural Research Officer; formerly of the Fruit Insect Section, Laboratory of Entomology, 
Brandon, Manitoba. 
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The egg is pearly white for about half the incubation period, and then very gradually 
darkens. Two small, pink eye-spots appear at one end of the egg. About 36 hours before the 
larva is due to emerge, the whole egg turns greyish-black. The chorion splits lengthwise down 
both sides, from one end, for about half the total length, and the larva emerges head first. 


Effect of temperature on incubation: Eggs of S. punctum were kept at various constant 
temperatures to determine the effect of temperature on incubation. A suitable humidity was 
maintained by moistening daily the cotton plug in the glass vial in which the leaf and eggs 
were placed. 


The eggs can withstand low temperatures of 40 to 50°F. for a few cays. However, prolonged 
exposure to cold, even at 55°F., will eventually destroy the embryos. 


The temperature range ior incubation of the eggs apparently lies somewhere between 55 and 
110°F. (Table 1). The table also shows that embryologicai development is progressively delayed 
by lower temperatures. A temperature of 80°F. may be taken as the optimum; this is closer to the 
maximum than to the minimum. 


Table I 


EFFECT OF TEMPERATURE ON INCUBATION PERIOD OF STETHORUS PUNCTUM 


Temperature No. of Per cent Incubat. period in days 
2 egas~ mortality Range Mean 
110 56 100 = = 
100 55 5.5 3 3 
90 58 17 Ba 3.4 
80 55 0 3—6. Al 
75 59 3.4 3—6 4.3 
70 81 18.5 6—9 UA 
65 67 28.4 7—12 9.9 
60 77 PHS 10—17 13.6 
5) 30 oo) LOO, — — 


LARVA 


Larvae of S. punctum are voranous feeders. They alternately drain out and regurgitate into 
the body the fluid contents of the host mite. This process is repeated several times before the 
contents of the prey are permanently removed. 


When a larva is searching for food, it apparently does not perceive the presence = the prey 
until physical contact has been made. 


Occasionally mien the larvae are molested they excrete two small droplets of fluid from glands 
apparently on the dorsal side of the abdomen, near the thorax. The exact location of these 
glands was not determined. The excretion of these droplets was ay noticeable when 
larvae were being anaesthetized for photography. 


Whenever several larvae were placed in one small vial in the laboratory, their numbers were 
reduced to one or two individuals by cannibalism. A larger larva would readily seize and devour 
a smaller one encountered during the search for mites. Under natural conditions cannibalism is 
prokably not frequent, because there is usually only one larva on.a leaf. 
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There are four larval instars. Of 43 larvae reared to pupae at 80°F., the average durations 
of the instars were: first, 2.1 days; second, 1.4 days; third, 1.4 days; and fourth, 2.5 days; the 
average total was 7.4 days. Observations indicated that in the fieid the larval period ranges from 
12 to 30 days, depending on weather and food supply. 


PUPA 


The fourth-instar larva attaches itself to the underside of a leaf by the anal end and remains 
without feeding or locomotory movement in this prepupal condition for 24 to 48 hours before 
pupation. The larval skin is shed and worked down to the anal end of the abdomen, where it 
remains. [The pupa is at first very light brown, or yellowish, and turns black in about four 
hours. The emerging adult is very light brown, or yellowish, but turns black in about four 
hours. The old pupal skin remains attached to the leaf after the adult has emerged. 

The duration of the pupal stage of 101 pupae at 80°F. averaged 3.0 days. 


EFFECT OF DDT AND METHOXYCHLOR ON ADULTS 


A laboratory test was conducted to determine the effects of DDT anc methoxychlor on adults 
of S. punctum. Leaves were dipped in solutions of wettable powders of DDT or methoxychlor 
containing 0.5 Ib. of technical toxicant per 100 gal. of water. The beetles were exposed to 
treated leaves for two hours. Of 70 beetles subjected to the leaves treated with DDT, 33 died. 
Of 70 beetles subjected to the leaves treated with methoxychlor, 42 died. There was no mortality 
in 70 beetles placed on leaves dipped in water only. The two insecticides are apparently equally 
toxic under the conditions of this test. 


SUMMARY 


Stethorus punctum (Lec.) is an important and abundant predator of tetranychid mites in 
Manitoba. 


Some notes are given on life-history and habits of the various stages. 


Eggs hatch at temperatures from 60 to 100°F., with an optimum at 80°F., and hatching iS 
progressively delayed by lower temperatures. 


Adults exposed for two hours tc leaves treated with either DDT or methoxychlor at 0.5 Ib. 
of technical toxicant per 100 gal. of water suffered about 50 per cent mortality. 
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PROGRESS REPORT ON PREDACIOUS MITE INVESTIGATIONS 
IN NOVA SCOTIA (ACARINA: PHYTOSEIIDAE)?* 


181. J. HERBERT? 


Fruit Insect Section, Science Service Laboratory, Kentville, Nova Scotia 


INTRODUCTION 


In recent years phytophagous mites have become important pests of fruit trees. This change 
in status from minor to major pests is evidently associated with the destructive action of certain 
sprays on their predators. Included in the latter category is an important group of predacious 
mites belonging to the subfamily Phytoseiinae (Phytoseiidae). 

In Nova Scotia the European red mite, Metatetranychus ulmi (Koch), is the most destructive 
phytophagous mite and studies have been undertaken to determine the interrelations existing 
between it and the predacious mites. 


Field studies by Lord (1949) have shown that when the phytoseiids and other predators are 
destroyed by the use of certain spray chemicals, the red mite populations increased rapidly. 
When spraying is discontinved or chemicals harmless to the predacious species are used, the 
phytoseiids, as well as other predators, increase rapidly to the point where a_ host-predator 
equilibrium is restored. Phytoseiids appear to be the most important factor in the maintenance 
of low host densities (MacPhee, 1953). Exploratory studies and observations suggest a similar 
relationship between phytoseiids and other phytophagous mite species. 


Because of the important role played by phytoseiids in the control of phytophagous mites, 
studies have been undertaken of the life-histories, behaviour, distribution, and relative abundance 
of these predators. 


In the literature before 1948, phytoseiids found on apple trees were usually grouped together 
under the name of Sezulus pomi Parrott. Garman (1948) began to unravel this tangle by de- 
scribing a number of the species formerly confused under the name of S. pomi. Nesbitt (1951) 
continued this and compiled the results of studies on phytoseiids. He transferred the species 
described by Garman in the genus /phidulus to the genus Typhlodromus. 


The following species have been found on apple trees in Nova Scotia, namely: Typhlodromus 
tiliae Audms., T. conspicuus (Garm.), T. conspicuus var. herbertae Nes., T. masseei Nes., 
T. cucumeris Oudms., T. fallacis (Garm.), T. longipilus Nes., T. finlar-dicus Oudms., T. pomi 
(Parrott) Garm., T. (Neoseiulus) rhenanus Oudms., T. (N.) bakeri (Garm.), T. tiliarum (Garm.), 
Phytoseius macropilis (Banks), and Amblyseius spp. 


METHODS 


Field Studies.—Field work was confined mainly to the study of habits and relative abundance. 
One leaf cluster was taken at random from each of ten trees in the observational orchards at 
weekly intervals throughout the growing season. 


_ Counts were made of the stages of phytoseiids present and the adults were removed for later 
mounting and identifications with a compound microscope. As the eggs, larvae, and nymphs 
of the various species are indistinguishable, this naturally limits the number of observations 
and the type of field studies that can be made. 


1Contribution No. 3093, Division of Entomology, Science Service, Department of Agriculture, 
Ottawa, Canada; presented at the annual meeting of the Entomological Society of Canada, Quebec, 


on October 30, 1952. 


2Agricultural Research Officer. 
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.ITaboratory Studies.—Phytoseiid mites are very difficult to handle because of their small 
size and rapid movements. Attempts were made to rear the mites in felt cells on apple leaves; 
in small glass vials with the food supplied on a piece of leaf; and in gelatin capsules fastened 
to a piece of cardboard, the food supplied on a piece of leaf (Bare, 1942). These methods proved 
unsatisfactory. A no. 2 pharmaceutical capsule bearing the food in the short portion or cap 
was the most satisfactory rearing chamber. Tetranychus spp. eggs were used as food as they 
were easily obtained and transferred relatively easily. When the mites were to be fed, they were 
induced to move into the long portion of the capsule so that the cap might be removed and 
replaced by one containing food. These capsules were placed in a jar containing a saturated 
solution of ammonium chloride to maintain a constant degree of humidity. 


~ 


As it was necessary to rear the progeny from parents whose identities had been determined, 
the studies were limited to laboratory conditions. A field check of the development of individual 
species of phytoseiids is virtually impossible in Nova Scotia orchards since phytoseiid populations, 
are made up of more than one species. 


RESULTS 


Field Studies.-The number of species and the relative numbers of each vary from orchard — 
to orchard and from year to year. The figures shown in Table I are percentages based on weekly 
collections in each orchard throughout the season. 


Table I 


SPECIES OF PHYTOSEIIDS IN SIX ORCHARDS: PERCENTAGES OF TOTAL 


Orchard Number 


1 2 3 4 5 6 
Species 1950 1951 1950 1951 1950 1951 1950 1951 1950 1951 1950 1951 
Lyphiodromus tiliae 3) 1 0 0 0 91) 99 80) se iGre ae ene 
T. (Neoseiulus) rhenanus Tia 220 Z ps lly) 0 8 0 1 0 0 0 
T. pomi 2 eo 0 Z Ona ks 0 0 0 i 0 ) 
T. faliacis 0 1 0 0 0 0 1 0 3 0 76 9 
T. conspicuus var. herbertae Sy 229 1 Tees ee: Oe 5 0 0 0 
T. finlandicus 8 00 O80 0 0. 0 0 
T. masseei 0 0 0 0 0) 0 ] 0 0 0 0 
Phytoseius macropilis 7 0.96 94 35 98) 0 0 2 ei w 
Amblyseius spp. 0 0 ] 0 0 0 0 0 0 0 0 0 


Populations of phytoseiids were denser in the centres of the trees in the spring and early 
summer. At the peripheries they increased in midsummer and then, as autumn approached, 
they decreased (Fig. 1). 


Overwintering adult females are commonly found in the calyx cups of the apples in the 
autumn. They spend the winter under bark scales of the larger branches and tree trunks, in 
empty hibernacula of the eye-spotted bud moth, in empty oystershell scales, or in codling moth 
cocoons. 
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Phytoseiid females have been seen crawling on the bark scales Guring the warmer days of 
late winter and early spring, and have been found running about on the green buds by the 
middle of May. Egg laying commences about the end of May. As yet, no males of any species 
have been found overwintering. 


PHYTOSEIIDS PER IO LEAF CLUSTERS 


MAY JUNE JULY AUG. SEPT. OCT. 


' Fig. 1. Population trend of phytoseiids on peripheral leaf clusters fer 1951. 


Laboratory Studies.—So far, laboratory studies have been largely confined to the species 
I. fallacis Garm. Six generations were reared at a temperature of 70(+2)°F. and a relative 
humdity of about 79 per cent. Eggs of the first generation were deposited by an overwintering 


female. 


The incubation pericd lasted $ to 4 days, the nymphal pericd about 1 day, and the larval 
period 3 to 4 days. The total time from hatching to adult was from 5 to 6 days, and the pre- 


Oviposition period 7 to, 8 days.. 


The longevity recorded for the females was 30 to 65 days,.and for the males 10 to 24 days. 
On the average, a total of 37.5 eggs, or 2.7 eggs per day, were laid. 


The female is fertilized in the adult stage; one male may fertilize more than one female. 
As yet, parthenogenetic development has not been observed. 


REFERENCES 


BARE, C. O. 1942. Some natural enemies of stored-tobacco insects with biological notes. J. Econ. 
Bot. 35; 185-189. ; 

Garman, P. 1948. Mite species from apple trees in Connecticut. Connecticut Agr. Expt. Sta. 
Bull. 520. 

Lorp, F. T. 1949. The influence of spray programs on the fauna of apple orchards in Nova Scotia 
III. Mites and their predators. Canadian Ent. 81: 202-214; 217-239. 


MacPurr, A. W. 1953. The influence of spray programs on the fauna of apple orchards in 
Nova Scotia. V. The predactous thrips Haplothrips faurei Hood. Canadian Ent. 85: 33. 


Nespitt, H. H. J. 1951. A taxonomic study of the Phytoseiinae (Family Laelaptidae) predacious 
upcn Tetranychidae of economic importance. Zool. Verhand. 12. 


30 REPORT OF THE ENTOMOLOGICAL 


‘CYTOCHROME OXIDASE AND CYANIDE SENSITIVITY OF THE LARCH 
SAWFLY DURING METAMORPHOSIS’ 


S. McDONALD AND A. W. A. BROWN 
Department of Zoology, University of Western Ontario, London 


INTRODUCTION 


Th early work of Bodine (1934) demonstrated that the embryo of the grasshopper, Melano- 
plus differentialis (Thos.), when in winter diapause was insensitive to solutions of potassium 
cyanide, ranging from 0.02 to 0.05 per cent, which markedly depressed the respiratory rate of 
such embryos during pre- and post-diapause development. Moreover, he found that the fraction 
of the develcping respiratory rate which remained resistant to cyanide was roughly equivalent 
to the entire diapause respiration, which was completely resistant to cyanide poisoning at these 
levels of concentration. 


More recently Williams (1947) discovered that the diapause pupa of the silkworm, Platysamia 
cecropia (L.), is similiarly insensitive to levels of cyanide that largely inhibit the respiratory 
rate of the caterpillars before pupation or of the adults after emergence. Sanborn and Williams 
(1950) proceeded to demonstrate that the diapause respiration may be ascribed to the flavoprotein 
system of cellular oxidative enzymes, while the respiration, which is superimposed upon it when 
development resumes, is performed by the cytochrome system of co-enzymes and the enzyme 
cytochrome oxidase. They found that cytochrome oxidase decreases to a low level at pupation and 
is rapidly resynthesized shortly after the pupal diapause has ceased. Very recently however, 
Sacktor (1951) has shown that cytochrome oxidase decreases to much the same extent in the non- 
diapause pupa cf the house fly, Musca domestica (L.), and is rapidly resynthesized during the 
histogenesis of the adult. 


MATERIAL AND METHODS 


The experiments reported in this paper were performed on the larch sawfly, Pristiphora 
erichsonu (Htg.), in which the diapause stage occurs in a larval form known as the eonymph, 
and the pupal stage follows the resumption of development. The material was collected from 
northwestern Ontario as conymphs in cocoons, and was stored at 2°C in a refrigerator during 
the winter diapause period; they were removed in March, when they resumed development as 
prenymphs, became pupae and reached th adult stage in 35 days. 


Measurements of the respiratory rate were made using the Warburg constant-volume mano- 
metric method (Umbreit e¢ al 1949) on the pre-diapause, diapause and post-diapause stages. 
The determinations of the cytochrome oxidase content were made on the diapause and post- 
diapause stages using the manometric method of Schneider and Potter (1943). 


Cyarude sensitivity was assessed by the simple method originally followed by Bodine (1934) 
of immersing the insect material in dilute solutions of potassium cyanide in distilled water for 
three hours. The pH of such solutions ranged between 10 and 11, resulting in free dissociation 
of the cyanide ions. The insects were removed and dried and their respiratory rate was measured 
immediately, again 13 hours later and finally seven days after treatment. Since this simple 
method did not remove the factor, possibly variable, of cuticular penetration, the assessments 
were repeated with insects which had been split open. McIlvaine’s phosphate buffer (Clark, 1923) 
was used as the solvent of the potassium cyanide, and the pH ranged from 6.8 for dilute to 9.2 
for the more concentrated solutions of cyanide. Finally, assessments were made of the cyanide 
sensitivity of insect tissues homogenized in distilled water and suspended in the solutions of 
KCN in phosphate buffer within the Warburg apparatus. 


1This investigation was financially assisted by a grant-in-aid from the National Research Council 
of Canada. 
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RESULTS 


The respiratory rate of the eonymphs was found to remain at a low level throughout diapause 
(Tahle 1), even after the eonymphs had been removed from the refrigerator. Once development 
had resumed, some three weeks after the return to room temperature, the respiratory rate in- 
creased rapidly and this increase was not interrupted during the pupal stage. 


The cytochrome oxidase content (Table 1) showed a parallel increase to that of the respir- 
atory rate, but of much more modest proportions and was interrupted by a slight but significant 
set-back during the pupal period. 


Table 1 


RESPIRATORY RATE AND CYTOCHROME OXIDASE CONTENT OF LARCH SAWFLY 
BEFORE, DURING AND AFTER METAMORPHOSIS. 


Oxygen consumption — Cytochiome oxidase 
cu.mm./gm. wet wt./hr. cu.mm./mg. dry wt./hr. 
Larvae 
Just cocooned, Aug. 15 not determined He 
Eonymphs 
Refrigerated Sept. 18 to March 19 165 1233 
Eonymphs 
Apr. 22, 20 days after retrigeraiion 165 1.45 
Pronymphs 
23 days after refrigeration 270 2.05 
White Pupae 
28 days zfter refrigeration 376 1.82 
Dark Pupae 
35 days after refrigeration 969 2.91 
Adults (immobile) 
35 days after refrigeration 1155 not determined 


The respiration of diapause eonymphs was found to be unaffected by concentrations of 
cyanide up to 0.02 per cent (Fig. 1.), partially and reversibly inhibited by concentrations up 
to 0.5 per cent and completely and irreversibly inhibited by concentrations of 1 per cent potas- 
sium cyanide. The respiration of developing white pupae was reversibiy inhibited by concentra- 
tions of 0.02 to 0.25 per cent potassium cyanide. Their level of sensitivity, as indicated in the 
proportion of respiration that was inhibited, is therefore only slightly greater than that of the 
diapause eonymphs, 


When the diapause eonymphs, with their cuticles split, were exposed to cyanide solutions 
(Table 2), their respiration was found to be oonsiderably reduced by concentrations which had 
little effect on the intact insects. The act of splitting the insects did not materially change their 
respiratory rate if they were suspended in buffer wihout cyanide. 


Control assessments of tissue homogenates without KCN show that the tissues consume 
oxygen at a considerably lower rate than the intact insects. When tissues of diapause eonymphs 
_and developing pupae are compared (Table 2) they both show partial inhibition by cyanide to 
a similar extent. 
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Figure 1: 
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The Effect of KCN on Diapause and Post-diapause Respiration. 


Diapause Eonymphs Developing Pupae 
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‘aspire 2: 


EFFECT OF POTASSIUM CYANIDE ON EONYMPHS AND WHITE PUPAE OF 
THE LARCH SAWFLY, AND ON THEIR TISSUES. 


Eonymphs White Pupae 


Intact> | Split Homogenized _ Intact Homogenized 


Respiravory rate, in cu. mm./gm./hr. of larch sawfly material. 


170 142 78 450 47 
per cent percentage reduction in respiratory rate immediately after KCN treatment. 
KCN 
0.005 0 46 49 0 28 
0.02 a 80 67 31 a8) 
0.08 Ay) 89 Dee 48 79 
DISCUSSION 


These results obtained with larch sawfly during diapause and later metamorphosis do not 
show the ciear-cut contrasts obtained by Bodine with grasshopper embryos, and by Williams 
with cecropia pupae. Although 0.02 per cent KCN caused a reversible inhibition of respiration 
in developing pupae of the larch sawfly, concentrations of 0.5 per cent KCN were required to 
effect a marked but reversible inhibition; whereas Bodine found that 0.02 per cent KCN was 
sufficient to temporarily reduce the respiration of the developing embryos of Melanoplus differ- 
entialis to a low level. Also in contrast to the clear-cut results of Bodine, it is found with the 
larch sawfly that dosages which are reversibly inhibitory for developing pupae, temporarily 
inhibit the diapause eonymphs to aimost the same extent. But the ‘upper range of these dosages 
is so high that the inhibition is not restricted to cytochrome oxidase Lut involves a more gener- 
alized effect. ae 


There is evidently no significant decrease in cytochrome oxidase activity when the cocooning 
larva becomes a diapause eonymph. In the cecropia silkworm studied by Williams the diapause 
stage is a pupa, in which the process of histolysis occurs, and it is here that the:cytochrome 
oxidase falls to a low level. In the larch sawfly the pupa is a stage interposed during the 
resumption of development, and here it was found that the cytochrome oxidase level was slightly 
but significantly reduced, before resuming its increase during later pupal life. 


CONCLUSIONS 


The diapause stage of the larch sawfly, which is the eonymph or final larval instar, does not 
experience a significant decrease in cytochrome oxidase content. The 1esumption of:development 
after diapause is paralleled by an increase in cytochrome oxidase content, which experiences 
a slight set-back during the early part of the short pupal stage. 


The oxygen consumption of diapause eonymphs is not significantly less sensitive to cyanide 
poisoning than that of post-diapause pupae. Comparatively high levels of cyanide are required 
to inhibit the respiration of the intact individuals of both stages, 2ithough the sensitivity of 


each is correspondingly increased by direct exposure of their tissues’ to the cyanide solutions. 
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DIPTERA AND HYMENOPTERA REARED FROM PINE CONE WILLOW 
GALLS CAUSED BY RHABDOPHAGA STROBILOIDES 
(DIPTERA : TTONIDIDAE) 


W. W. Jupp 


Depariment of Zoology, University of Western Ontario, London 


During March of 1951 two hundred and fifty Pine Cone Willow galls were removed from 
shrubs of willow, Sulix sp., in a small swamp on Highbury Avenue in London Township, two 
miles north of the city limits of London, Ontario. This gall is caused by the fly Rhabdophaga 
strobiloides Walsh and commonly harbors inquiline flies of the genus Dasyneura. Rearing of 
the insects in the galls was undertaken to disclose what flies occurred in them and to discover 
what insects parasitized these flies and, where possible, the exact hosts of the various parasitic 
species. In a preliminary investigation several galls were collected and brought into the labor- 
atory. Each one was dissected by removing the scales, in sequence from the lowest outer scales 
to the inner scales of the core, and the contents of the gall were noted as dissection proceeded. 
The core of a gall (Figs. 1,5) consisted of stiff, upright, elongated scales and in the cavity 
between the bases of these scales was an itonidid larva (Fig. 1), slightly less than one-quarter 
inch in length, standing vertically among the scales. Between the outer rounded scales of the 
galls a variety of specimens were found: small itonidid cocoons about 2 mm. long (Fig. 3B) 
closely appressed to the scales, small yellow hymenopterous larvae and the elongated yellowish 
eggs of a long-horned grasshopper (Tettigoniidae) (Fig. 3A). 


METHODS OF REARING 


The two hundred and fifty galls from which insects were to be reared were collected in 
three lots: 


Lot. 1. On March 3, one hundred and fifty galls were collected and prepared for the rearing 
of insects from them. Each gall was placed ima small cotton-plugged jar, the jars being numbered _ 
from 1 to 150 and kept on a rack. Each day the jars were examined for the presence of emerged 
insects which were removed with an aspirator and pinned and labelled. 


Lot 2. On March 10, fifty galls were collected and used to investigate what insects occurred 
in the cores. ‘Ihe outer scales were stripped off, leaving only the central core of a gall attached 
to its base (Fig. 5). Each of the fifty cores was placed in a cotton-plugged vial of dimensions 


40 mm. by 8 mm. The vials, numbered from 151 to 200, were examined daily and emerged 


insects were collected from them. 
* 
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Lot 3. On March 31, fifty galls were collected and used to investigate what insects occurred 
among the outer rounded scales of the galls. From each gall the scales were stripped off and 
the insects found between them were kept, the cores being discarded. Three groups of specimens 
were extracted from between the scales of these fifty galls: 


A. Eighty-six eggs of a long-horned grasshopper were removed from eleven galls and were 
placed in a few cotton-plugged vials of dimensions 40 mm. by 8 mm. ; : 


B. ‘Twenty-eight small, yellow hymenopterous larvae were found and were reared in vials. 


C. One hundred and forty sraall, white itonidid cocoons were placed in vials for the rearing 
of their contents. 


The collection and pinning of emerging insects was continued daily until June 15 —18 when 
the galls amd cores numbered | to 200 (Lots 1 and 2) were dissected and all remaining insects 
in them were removed and pinned or preserved in fluid. Remaining material from Lot 3 (A, B, C) 
was also discarded. The specimens were sorted out and representative specimens were kindly 
identified by specialists in the classification of the various taxonomic groups at the United States 
National Museum. Dr. R. H. Foote identified the flies of the family Itonididae, Dr. C. F. W. 
Muesebeck identified wasps of the families Braconidae, Platygasteridae and Ceraphronidae, 
Dr. B. D. Burks identified the chalcidoid wasps and a tenthredinid sawfly and Dr. L. H. Weld 
identified a wasp of the family Cynipidae. Several specimens were retained for the collections 
of the United States National Museum, as will be noted later in the discussion of the species 
involved. Dr. O. Peck, Systematic Entomology, Department of Agriculture, Ottawa, examined 
some of the chalcidoid wasps and retained some specimens for the Canadian National Collection. 
All other specimens are in the insect collection of the University of Western Ontario. 


Whe results of the rearing are presented in Table 1 (Lot 1), Table 2 (Lot 2), Vable 3 
(Lot 3B), Table 4 (Lot 3C) and Table 5 (Summary of all emergents). 


ACCOUNT OF SPECIES REARED 


DIPTERA 
ITONIDIDAE 


Rhabdophaga strobiloides Walsh 


Adults of this fly, which causes the gall, emerged first on March 23 from complete galls, 
twenty days after the galls were brought into the laboratory. Only six adults succeeded in emerg- 
ing from the complete galls (Tablel), and twenty from the'cores (Table 2). After all the galls 
were dissected on June 18 many were found to contain in their cores the shrivelled pupae of 
R. strobiloides from which the adults had failed to emerge.’ When the galls were brought into 
the laboratory during March the insects were still in the larval state (Fig. 1) and whem the pupal 
state was completed the pupa moved to the tip of the gall and the adult emerged, leaving the 
empty pupal skin projecting from the tip of the gall (Fig. 2). Three male and three female 
specimens are deposited in the United ‘States National Museum. 


Dasyneura (albovittata Walsh?) 


The cocoons of this fly were lodged between the outer scales of the gall (Fig. 3B) and when 
an adult emerged from the end of a cocoon it left the pupal skin projecting from the tattered 
end of the cocoon (lig. 4). Adults first emerged from the complete galls on March 31 (Table 1) 
and they appeared from only 17 of these galls. After the complete galls were dissected on June 18 
many Dasyneura cocoons were found between the scales, varying in number from one to fifteen 
per gall. The flies also emerged in considerable numbers from the cocoons in Lot 3C (Table 4). 
Three male and three female pinned specimens are deposited in the United States National 
Museum. 
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HYMENOPTERA 
' TENTHREDINIDAE 


Amauronematus sp. 


A single. female sawfly emerged on March 17 (Table 1) from a cocoon lodged beneath one 
of the lower scales of a gall (Fig. 6). Ross (1951) lists several species of this genus as feeders on 
willow and it is likely that the cocoon spun on the gall was made by a larva which had been 
feeding on the foliage of the willow. 


\ 


BRACONIDAE 
Diaereius salicaphis (Fitch) 


Severn wasps emerged from six, complete galls, the first on March 17 (Table 1). Muesebeck and 
Walkley (195la) list a number of aphids as hosts of D. salicaphis and related species and state 
that all species in the subfamily Aphidiinae are internal parasites of aphids. Since D. salicaphis 
emerged from complete galls the specific host of the wasps cannot be exactly determined. It is 
possible that they emerged from aphids clinging to the scales of the galls. One female specimen 
is deposited in the United States National Museum, 


Aphidius phorodontis Ashm. 


One wasp emerged from a complete gall on March 19 (Table 1). Wasps of the genus 
Aphidius are parasitic on aphids (Muesebeck and Walkley, 195la) and McLeod (1937) reared 
A. phorodontis from the peach aphid, Myzus persicae Sulzer. It is likely that the wasp reared 
from the gall was a parasite of an aphid on the gall. The specimen is deposited in the United 
States National Museum. 


Microgaster (comptanae Vier.?) 


One female wasp emerged from a complete gall on March 30 (Table 1). Muesebeck _ (1922) 
states that apparently most of the species of Microgaster are solitary parasites, always of 
Lepidoptera. The specimen may have been a parasite of a caterpillar feeding on the foliage 
of the willow. 


PLATYGASTERIDAE 
Leptacis sp. 


Two wasps emerged from the collection of Dasyneura cocoons, Lot 3C (Table 4), a male on 
May 16 and a female on May 19. It is thus evidently a parasite of the inquiline fly, Dasyneura 
(albovittata?).. Fouts (1924) gives no host records for the species in his key but reports collections 
of adults from leaves of trees. In the related genus. Platygaster he records several species as 
parasites: of itonidid galls, including galls or willow. 


CERAPHRONIDAE 
Lygocerus sp. 


Two wasps appeared from one complete gall, one on March 18 and the other on March 23 - 


(Table 1). Clausen (1940) records that wasps of this genus are secondary parasites of aphids 
through dAphidius spp. It is possible that the two wasps from the gali were parasites of 
Aphidius phorodontis Ashm. 
Ceraphron sp. 

A single wasp emerged on May | from the collection of Dasyneura cocoons, Lot 8C (Table 4) 
and is thus evidently a parasite of the inquiline fly D. (albovittata?). Muesebeck and Walkley 
(1951b) assert that the host relations of few species in the family Ceraphronidae are known. 
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EULOPHIDAE 


Tetrastichus sp. ' 


These wasps were among the commonest of the parasites and emerged from 53 of the complete 
galls (Table 1). They are evidently parasites of D. (albovittata?) since they emerged also from 
the Dasyneura cocoons (Table 4) and from the larvae found among the scales (Table 3). Burks 
(1943) lists several galls as being hosts of various species of Tetrastichus, including some itonidid 
galls, but does not include the Pine Cone Willow gall. Four male and four female specimens 
sare deposited in the Canadian National Collection. 


Pleurotropis sp. 


A single wasp emerged on May 3 from a complete gall (Table 1) and consequently its exact 
host remains undertermined. Peck (1951) lists many lepidopterous and dipterous hosts for 
species of Pleurotropis. 


: ENCYRTIDAE 
Copidosoma sp. 


This parasite was the commonest emergent from the galls and there were approximately 
three times as many females as males (Table 5). Several cores in Lot 2 (Table 2) produced 
specimens of Copidosoma so it is evidently a parasite of the originator of the gall, Rhabdophaga 
strobiloides. Living wasps (1 4, 59 9) emerged from only one complete gall on April 6 
(Table 1) but many were found dead when the galls were opened in mid-June. They were 
closely packed in the central core of the gall and ranged in number from one per gall to as 
many as nine (e. BA hho OO), and in some cases there were females only (e.g.5,6 or 79 9). 
The maximum number from one core in Lot 2 (Table 2) was 12 (4g @, 89 9). The species 
of Copidosoma are polyembryonic (Clausen,, 1940) and it is likely that all wasps in a single core 
of a gall were from a single egg. One male ang six female specimens are deposited in the 
Canadian National Collection. 


PTEROMALIDAE 
Asaphes rufipes Brues 


A single male emerged on March 28 from a complete gall (Table 1). Peck (1951) lists several 
aphids as hosts of this and other species of Asaphes and. it is ne that the 2 was 
a parasite or hyperparasite of an aphid on the gall. 


Tridymus sp. 


Six wasps were collected, four from four complete galls when opened in June (Table 1) and 
one female on April 17 and one male on April 23 from two of the cores im Lot 2' (Table 2). 
The latter two were thus either parasites or hyperparasites of Rhabdophaga strobiloides. Peck 
(1951) lists one species of Tridymus as having Rhabdophaga salicis for its host. The two speci- 
mens from the cores are deposited in the United States National Museum. 


i 


TORYMIDAE be 
Torymus strobiloides (Huber), 


Fourteen wasps emerged from the galis, eleven from complete galls (Table 1) and three 
from three cores (Table ZN They are thus parasites ofRhabdophaga strobiloides and the species 
is listed as such by Huber (1927) and Peck (1951). When a wasp emerged from a core it did 
sO through a circular hole about 1 mm. in diameter in the side of the core (Eigieo) er 
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Torymus sp. 


Sixteen wasps were collected, 13 from nine complete galls (Table 1) and three reared from 
larvae from among the scales, Lot 3B (Table 3). The wasp is thus evidently a parasite of the 
inquiline fly Dasyneura (albovittata?). Huber (i927) states that the majority of the species of 
this genus (=Callimome) are parasites of either hymenopterous or dipterous gallmakers and he 


lists many hosts among the gall midges (Itonididae) including several species of Dasyneura. 


CYNIPIDAE 
Chartps sp. 


A single female emerged from a complete gall on April 10 (Table 1). Weld (1951) lists 
various aphids as hosts of Charips and Clausen (1940) reports one species as a parasite of 
Aphidius ervi Hal. It is likely that the wasp from the gall was a hyperparasite of an aphid on 
the gall, possibly through the wasp Aphidius phorodontis Ashm. 


ORTHOPTERA 
TET TIGONUDAE 


Tettigoniid eggs were found among the larger, outer scales of the galls (Fig. 3A). Altogether — 


397 eggs were found in 63 (15.9%) of the galls, the maximum number in a single gall being 28 
and the average number six. Eggs from 50 galls were placed in vials for rearing (Lot 3A) but 
no nymphs or parasites emerged from them. Blatchley (1920) recounts that the grasshopper 
Conocephalus brevipennis (Scudder) commonly lays its eggs in galls of willow and quotes 


accounts of other authors describing the process of oviposition. C. brevipennis is a common — 


species in Southern Ontario, being usually found in marshy areas (Urquhart, 1941) and it was 
probably the species which laid the eggs in the galls. 


REFERENCES 


ASHMEAD, W. H. 1900. On the genera of the chalcid-flies belonging to the subfamily Encyrtinae. 
Proc. U. S. Natl. Mus., 22: 323-412. 

BiatcHLey, W. S. 1920. Orthoptera of northeastern America. Nature Publ. Co., Indianapolis. 

Burks, B. D. 1943. The North American parasitic wasps of the genus Tetrasticus -- a contribu- 
tion to biological control of insect pests. Proc. U.S. Natl. Mus., 99: 505-608. 

CLAUSEN, C. P. 1940. Entomophagous insects. Ist ed. McGraw-Hill, New York. 

Fouts, R. M. 1924. Revision of the North American wasps of the subfamily Platygasterinae. 
Proc. U.S. Natl. Mus., 63 (15): 1-145. 
Huser, L. L. 1927. A taxonomic and ecological review of the North American chalcid-flies of 
the genus Callimome. Proc. U. S. Natl. Mus., 70 (14): 1-114. 
McLeop, J. H. 1937. Some factors in the control of the common greenhouse aphid, Myzus 
persicae Sulzer, by the parasite Aphidius phorodontis Ashm. 67th Ann. Rep. Ent. Soc. Ontario, 
1936, pp. 63-64. 

MUESEBECK, C. F. W. 1922. A revision ‘of the North American ichneumonfiies, belonging to the 
subfamilies Neoneurinae and Microgasterinae. Proc. U. S. Natl. Mus., 61 (15): 1-76. 

Murseprck, C. F. W. and Watktey, L. M., 195la. Family Braconidae. In Hymenoptera of 
America north of Mexico — synoptic catalog. U. S. Dept. Agric., Agric. Monogr. No. 2. 

_MUESFBECK, Cc. F. W. and WALKLEy, L. M. 195l1b. Superfamily Proctotrupoidea. Jn Hymenoptera 

of America north of Mexico — synoptic catalog. U. S$. Dept. Agric., Agric. Monogr. No. 2. 

Peck, O. 1951. Superfamily Chalcidoidea. In Hymenoptera of America north of Mexico — 
synoptic catalog. U.S. Dept. Agric., Agric. Monogr. No. 2. 

Ross, H. H. 1951. Superfamily Tenthredinoidea. In Hymenoptera of America north of Mexico — 
synoptic catalog. U. S. Dept. Agric., Agric. Monogr., No. 2. 

Urqguuart, F. A. 1941. The Blattaria and Orthoptera of Essex County, Ontario. Contrib. Roy. 
Ont. Mus. Zool., No. 20. TS & 


Web, L. H. 1951. Superfamily Cynipoidea. In Hymenoptera of America north of Mexico — 
synoptic catalog. U.S. Dept. Agric., Agric. Monogr. No. 2. 


SOCIETY OF ONTARIO 39 
Tea best: 
LOT 1: EMERGENTS FROM 150 COMPLETE GALLS, Collected March 3, 1951 
Number Emergents Emergence Dates 
Insects of galls 3 9 Total First Peak Last 
DIPTERA 
Itonididae 
Rhabdophaga 
strubtioides 6 ] 5 6 Mar. 23 Mar. 27 Apia asl 
Dasyneura 
(albovittata?) 17 y) ie ao Mar. 31 May 5 May 15 
HYMENOPTERA 
Braconidae 
Diaeretus | 
salicaphis 6 2 5 7 Mar. 17 Mar. 18 Mar. 23 
Aphidius | 
phorodontis ] 2 ? 1 Mar. 19 
Microgaster sp. 1 1 1 Mar. 30 
Ceraphronidae 
Lygocerus sp. 1 ? i 2 Mar. 18 Mar. 23 
Eulophidae 
Tetrastichus sp. 53 a2 70 122 Apr. 20 May 10 June 14 
Pleurotropis sp. i 2 ? ] May 3 
Encyrtidae 
Copidosoma sp. 33 47 150 197 Apr. 6 
Pteromalidae 
Asaphes rufipes 1 ] 1 Mar. 28 
Tridymus sp. 4 P ? 4 
Torymidae 
Torymus 
strobiloides 11 6 5 11 May 8 May 22 
Torymus sp. 9 8 5 13 e\ 0) tae sr June 12 
Cynipidae 
Charips sp. 1 Te 1 Apr. 10 
Tenthredinidae 
Amauronematus sp. 1 1 Mar. 17 
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jane 


a a bac iiss, 
LOT 2: EMERGENTS FROM 50 CORES OF GALLS COLLECTED March 10, 1951 


Emergents Emergence Dates 
Insects a One Total First Peak Last 
DIPTERA 
Itonididae 
Rhabdophaga 
strobiloides 3 uy 20 Mar. 28 Mar. 29 Apr. ol 
HYMENOPTERA 
Encyrtidae 
Copidosoma sp. 25 87 112 Apr. 6 Aprseo? Apr. 13 
Pteromalidae 
Tridymus sp. ] iba 2 Apr. 17 Apr. 23 
Torymidae 
Torymus 
strobiloides 1 2 3 May 23 Maye ST 
drat lena 


LOT 3B: EMERGENTS FROM LARVAE AMONG SCALES OF 50 GALLS, 
COLLECTED March 31, 1951 


zie ; 


Emergents Emergence Dates 
Insects a 9 Total First Peak Last 
HYMENOPTERA 
Eulophidae ; 
Tetrastichus sp. 5 7 12 Apr. 26 May 3 May 5 
Torymidae 
Torymus sp. 2 ] 3 May 16 June 8 
Lab Veruiv- 


LOT 3C: EMERGENTS FROM COCOONS AMONG SCALES OF 50 GALLS, 
COLLECTED March 31, 1951 


Emergents Emergence Dates 

Insects a Q Total First Peak Last 
DIPTERA 
Itonididae 
Dasyneura 2 
(albovittata?) 28 2 56 84 Apr. 13 Api pict May 9 
HYMENOPTERA 
Platygasteridae 5 
Leptacis sp. ° ] ] 74 May 16 ; May 19 
Ceraphronidae 
Ceraphron sp. ? P 1 May 1 
Eulophidae . 


Tetrastichus sp. 1 1] 12 May 6 May 14 May 28 
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Apeavb ker Ve 


SUMMARY OF ALL EMERGENTS 


Insects a wih Q oh Total Status 
Diptera 
Itonididae 
1. Rhabdophaga strobiloides 4 15.4 22 84.6 26 causes gall 
_ 2. Dasyneura (albovittata?) 37 ae) 70 65.5 107 _ inquiline 
HYMENOPTERA 
Braconidae 
3. Diaeretus salicaphis 2 28.6 5 714 7 ? 
4. Aphidius phorodontis P 
5. Microgaster sp. 1 100 
. Platygasteridae : ; 
16. -Lepiacis sp. 1 50.0 1 50.0 2 parasite of 
Dasyneura 
Ceraphronidae 
7. Lygocerus sp. i P 2 ? 
8. Ceraphron sp. P ? ] parasite of 
Dasyneura 
Eulophidae 
9. Tetrastichus sp. 58 BOE 88 60.3 146 parasite of 
Dasyneura 
10. Pleurotropis sp. ig 2 ] ? 
Encyrtidae 
11. Copidosoma sp. 72 23.34) 23) 76.7 309 parasite of 
; Rhabdophaga 
Pteromalidae 
12. Asaphes rufipes ] 100 ] i? 
13. Tridymus sp. P ? 6 parasite of 
Rhabdophaga 
Torymidae 
14. Torymus strobiloides Be apes 50.0 ih 50.0 14 parasite of 
Rhabdophaga 
15. Torymus sp. 10 62.5 6 oye 16 parasite of 
Dasyneura 
Cynipidae 
16. Charips sp. ] 100 ] P 
Tenthredinidae 
17. Amauronematus sp. Tee 100 1 spun cocoon 


re 


LEGEND FOR FIGURES 


(Page 44) 

Fig. 1 — Core of gall dissected to show larva of Rhabdophaga strobiloides. 
Fig. 2. — Pupal skin of Rhabdophaga strobiloides projecting ane tip of gall. 
Fig. 3A — Tettigoniid eggs on scale of gall. 

Fig. 3B — Dasyneura cocoons on scale of gall. 

Fig. 4 — Pupa of Dasyneura projecting from tip of cocoon. 

Fig. 5 — Core of gall showing emergence hole of Torymus strobiloides. 

Fig. 6 — Cocoon of Amauronematus sp. at base of gall. 
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INCREASE OF THE MULTIVOLTINE STRAIN OF THE EUROPEAN 
CORN BORER, PYRAUSTA NUBILALIS (HBN.) (LEPIDOPTERA: 
PYRALIDAE), IN SOUTHWESTERN ONTARIO’ 


Harry B. WRESSELL? 


Laboratory of Entomology, Chatham, Ontario 


The European corn borer, Pyrausta nubilalis (Hbn.), has been a serious pest of corn in 
Ontario for over 30 years. From 1920 to 1940, the borer was mainly a single-generation species; 
a trace of a second generation was present during some years. About 1941, a noticeable change 
took place in the life history of the borer. The percentage of second-generation borers increased 
so that in 1951 this strain formed an important part of the borer population. 


Ficht and Hienton (6), working in Indiana between 1935 and 1938, showed that a second 
generation of the European corn borer was increasing in that region. This was the first in- 
dication of any change in status of this strain. Vance (8), in 1942, reported that in Indiana and 
certain localities in Ohio the borer could be regarded as a two-generation pest. 


In southern Ontario, development of a multivoltine strain of the borer followed a pattern 
similar to that in the neighbouring states, with an evident time lag of 2 or 3 years. Crawford 
and Spencer (4) mentioned finding pupae in sweet corn at midsummer in 1921, when the borer 
first appeared as a pest in the province. This represented only a fraction of 1 per cent of the 
population. In 1931, Caesar and Thompson (3) found that a small second generation occurred 
in a long, warm season. Arnott (2), by means of light trap and summer pupation records, showed 
that from 1931 to 1941 the second-generation increase was apparently negligible. 


In 1942, Wishart (9), while studying parasites of the corn borer in Essex County, noted an 
increase in the summer pupation of the borer larvae. The development of the multivoltine 
strain became more evident in 1943 when Wishart (10) again recorded a definite increase in 
summer pupation. The average pupation during the summer in 1941 was only 2.25 per cent, 
as compared with 13.03 per cent in 1943. 


The author, in annual field infestation surveys made in the fall from 1946 to 1951, recorded 
the increase and spread of the multivoltine strain in the 5\ southwestern counties of Ontario. 
This reached its highest point in 1949, a year favourable to borer development (11). Ninety- 
seven per cent of the fields visited in the 1949 survey showed evidence that the multivoltine 
strain was then predominant. 


METHODS AND TECHNIQUE 


The light trap used in this study was modified from that of de Gryse (5) by removing the 
glass baffles and screens and providing a protective cover. A frosted 100-watt bulb, operating 
on 25-cycle current and placed 10 feet above the ground, attracted the moths. Calcium cyanide 
was placed in a copper container at the bottom of the trap. This container was about 40 inches 
from the source of light. The calcium cyanide was renewed every 3 to 5 days, depending on 
_atmospheric conditions. The trap was in operation from May 15 to October 31, except from 
1945 to 1951, when the last date of operation was September 30. The moths were counted, sorted 


according to sex, and recorded daily, except when longer intervals occurred between examinations. 
a 


Moths taken after a moth-free interval of 7 days in August were considered to belong to the 
multivoltine strain. It is obvious that there was an overlapping of first- and second-generation 
moths in late July and early August. Moths flying after mid-August belonged to the multivoltine 
strain. 


1Contribution No. 3075, Division of Entomology, Science Service, Department of Agriculture, 
Ottawa, Canada. 
?Agricultural Research Officer. 


44 REPORT OF THE ENTOMOLOGICAL 


As a check on the light trap lecated at Chatham, a second trap was operated frequently at 
the Experimental Station, Harrow, Ontario, 56 miles southwest of Chatham, where the corn 
borer infestation has been severe every year. 


RESULTS AND DISCUSSION 


The total numbers of moths taken during 5-day periods for each 5-year interval are shown 
in Fig. 1. The trend in the development of the multivoltine strain is very evident. A summary 
of the main details of the flight (TABLE I) shows that even in 1934 moths were flying as late 
as October. This established that the multivoltine strain was present in Ontario at least since 
that year. 
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Fig. 1. Average numbers of Pyrausta nubilalis (Hbn.) caught in a light trap, Chatham, Ont., 


during 5-year periods, 1932-1951 (trap not operated in 1943 and 1946). 


From 1932 to 1936, at least 97 per cent of the population belonged to the single-generation strain. 
The moth flight increased progressively during the season and reached its peak not later than 
July 14. The flight dropped abruptly after the peak, but the appearance of second-generation 


moths in early August sustained it until September in 1934-1936. Two very late moths appeared 
in October in 1934 and 1936. 
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TABLE I.—SUMMARY. OF FLIGHTS OF EUROPEAN CORN BORER ADULTS 
AS INDICATED BY LIGHT TRAP COLLECTIONS, CHATHAM, ONTARIO, 1932 TO 1951 


First date EEGStGOGLA os Peak date Total Per cent Per cent 
Year of flight of flight of flight moths female second 
to trap to trap to trap captured moths generation 
1932 June 18 Aug. 26 a pulbye6 232 25.0 2.0 
1933 11 July 31 June 24 183 22.5 0.0 
1934 AO a Oct. 1 July 12 rand Po. 1.0 
ODS 30 Sept. 24 July 14 162 22.0 3.0 
1936 25 Oct 26 July 8 735 ayo) 2.5 
1937 17 Sept. 8 July. 9 DAO rinle 5) 2.5 
1938 i Oct: 16 July 5 552 40.0 6.0 
1939 7 Sept. 28 July 7 283 gde0 13.0 
1940 9 Sept. 20 July 13 295 29.0 9.5 
1941 7 Octs 2 July 6 627 30.0 5.5 
1942 18 Oct. 8 July 11 321 BTD 32.0 
1943 = = = = = = 
[oki 5 Oct 5 Aug. 1] 254 sal 48.0 
1945 18 Sept. 22 Aug. 23 263 30.0 55.0 
1946 = a = = ad aaa 
1947 15 Sept. 14 June 29 205 58.0 29.0 
1948 20 Sept. 18 July 5 95 25.5 30.0 
1949 S Seppe 3 June 19 435 50.0 49.0 
1950 25 Sept. 14 July 3 159 45.5 47.0 
moot 17 Sept. 13 Aug. 27 285 38.5 71.0 


lo] 


From 1937 to 1941, the multivoltine strain increased to an average of over 7 per cent of the 
total moth population. The increase was especially noticeable in 1939 and 1940. The figure for 
1939 is given as 13 per cent, which may be high because the line of demarcation between first- 
and second-generation fiight was not clearly defined. No such difficulty was encountered in 1940, 
when there was a 2-week interval between the two flights. Nearly 10 per cent of the moths in 
1940 belonged to the multivoltine strain. There was a heavy flight in 1941, but the multivoltine 
Strain formed less than 6 per cent of the population. 


The light trap was not operated in 1943 and 1946. Consequently, 1942, 1944, and'1945 are 
considered as a 3-year unit. Before this period it was uncertain whether the increase in the 
2-generation strain was actually a trend or only seasonal fluctuations in numbers. Any doubt 
was dispelled during 1942, which appears to have been a critical year in the development of the 
multivoltine strain in southwestern Ontario. In that year, 34 per cent of the moths belonged 
to the second generation. In 1944 not only did the 2-generation strain increase so that it re- 
presented nearly 47 per cent of the moths taken, but for the first time a second peak of flight 
occurred, in mid-August. In 1945, the majority of the moths captured in the light trap belonged 
to the multivoltine strain and over 54 per cent of the moths were taken after July 31. 


There was a reduction in the number of multivoltine moths in 1947 and 1948 to 29 and 30 
per cent, respectively. However, in 1949 the multivoltine strain constituted 49 per cent of the 
total population. A slight reduction of second-generation moths took place in 1950. In 1951, 
there was, more reliable evidence that this strain might become the predominant one in south- 
western Ontario. The flight was moderately heavy, and 71 per cent of the moths belonged to 
the multivoltine strain. A second peak of the average captures for 1947 to 1951 occurred in late 
August. This contrasts markedly with the years up to 1941, when the peak occurred about the 
middle of July. ! 
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TABLE II shows the comparison between the moth captures made at Chatham, and those 
at Harrow for the 3 years during which the Harrow trap was in operation. There was a general — 
increase of multivoltine moths at both stations. 


TABLE II.—COMPARISON OF THE FLIGHTS OF EUROPEAN CORN BORER MOTHS 
TO LIGHT TRAPS AT CHATHAM AND HARROW, ONT., 1947, 1950, AND 1951 


Total Peak date - Per cent 

Year moths of flight second generation 
Chatham 

1947 205 June 29 . pA8) 

1950 159 ‘Puly 3 47 

195] 285 Aug. 27 71 
Harrow 

1947 348 Jue 9) 27 

1950 PAY, Aug. 24 68 

1951 783 Aug. 27 81 


GENERAL DISCUSSION AND CONCLUSIONS 


For nearly 20 years, from 1920 to 1938, the European corn borer was regarded as a single- 
generation pest in southwestern Ontario. A critical examination of the light trap data accumul- 
ated at Chatham shows that a multivoltine strain increased markedly in numbers from 1942 
to 1951. 


The increase of the two-generation borer in southwestern Ontario is important from an 
economic standpoint. The canning corn industry has been especially affected. First-generation 
larvae do little damage to canning corn since most of the infestation is confined to the stalk. 
These larvae are usually full-grown at harvest time, and any found in the ear can be washed 
out at the factory. With the increase of the multivoltine strain, a new problem has arisen in 
the canning corn industry. The second-generation moth usually lays her eggs on or near the 
guard leaves surrounding the ears. Upon hatching, the young larvae bore into the husks and 
kernels, and many of them are in the second instar when the corn is packed. Since they are 
in the kernels, they cannot be washed out by ordinary methods and they are frequently over- 
looked during the canning process. Consequently, complaints are often received from consumers 
regarding the presence of larvae in both whole-kernel and cream-style corn. As a result of this 
increase in the multivoltine strain, the canning companies in southwestern Ontario have been 


forced to adopt careful control measures. This involves the use of costly power sprayers and 
dusters. 


A further problem that has arisen is the infestation of sweet peppers by multivoltine borers 
(12). As pointed out by McKeen (7), the borer is responsible for (a) initial infestation in the 
pepper fruit, and (b) a wound which allows the entry of the soft rot organism, Erwinia carotovora 
(Jones) Holland. The borer also transfers the soft rot from fruit to fruit. The possibility of 
infestation of sweet peppers by second-generation borers is of grave concern to growers in . Kent 
and Essex counties, where this valuable crop is mainly grown. 


The increase of the multivoltine strain appears to be still in progress. ‘This is indicated: by 
the facts that in 1951, 71 per cent of the moths, the highést percentage recorded, belonged to 
the second generation, and that from 1947 to 1951 a second peak for the average captures 
ocurred in late August. Furthermore, the borer has recently become a pest of peppers even 
when its favourite host, sweet corn was plentiful in the same district. There is every indication 
that the multivoltine strain may eventually become the predominant strain in Ontario. The 
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reason for this change in status is not known. Arbuthnot (1), in his study of the effect of 
climate on corn borer reproduction, has suggested a possible explanation. He states that both 
strains may be present in a region, but the less-favoured strain may have reached the region 
ahead of the one best suited to survive in the environment. In time, equilibrium is reached, 
and the strain best suited to the region will predominate. More intensive research in corn borer 
genetics is necessary before this theory can be accepted. 


SUMMARY 


‘The European corn borer was formerly regarded as a single-generation pest in southwestern 
Ontario. A scarcely discernible second generation was known to be present during some seasons. 
The increase in the multivoltine strain is shown by the flight of adults to a light trap near 
Chatham, Ontario. From 1932 to 1951, the multivoltine strain increased from less than 2 to more 
than 71 per cent of the moth population. Increase was rapid after 1942, and largely progressive. 
This indicates that the multivoltine strain may eventually predominate in southwestern Ontario. 
The reason for this change in status is not known. 
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ANNOTATED CATALOGUE OF INSECT AND OTHER INVERTEBRATE 
PESTS OF TOBACCO IN CANADA‘ 


C. J. S. Fox? anp G. M. StirretT® 


INTRODUCTION 


This paper brings together the scattered records on the insects associated with tobacco in 
the plant bed and in the field in Canada. The observations have been made chiefly by officers 
of the Division of Entomology in Ontario, Quebec, and British Columbia during the past 20 years 
or more. 


Tobacco growing on a commercial scale in Canada is now a major agricultural enterprise. In 
1950, according to the Dominion Bureau of Statistics, 101, 809 acres were planted to tobacco and 
produced 120,298,000 pounds, having a farm value exceeding $51,000,000. The three tobacco- 
producing provinces contributed to these totals as follows:— 


Province Acreage Production in Pounds Farm Value 


Ontario 92.556 110,610,000 $48.505,000 
Quebec | 9.163 9 556,000 $ 2,732,000 
British Columbia 120 132,000 $ 55.000 


Valid estimates in dollars and cents of the injury to growing tobacce caused by its numerous 
pests are difficult to obtain. Estimates are usually about 10 per cent but there is little sound 
evidence for this figure. 


The tomato hornworm, Protoparce quinquemaculata (Haw.), alone would, in certain years, 
destroy over 35 per cent of the tobacco crop if it were not controlled. Table I, computed on 
the basis of a yield of 1,240 pounds per acre, at 22 cents per pound to the grower, shows losses 
in pounds and dollars per acre for a number of unsprayed plots and fields. 


Tables 


LOSSES IN POUNDS AND DOLLARS PER ACRE CAUSED BY THE TOMATO HORN- 
WORM IN UNSPRAYED FIELDS AND PLOTS OF FLUE-CURED TOBACCO 
IN NORFOLK COUNTY, ONTARIO. . 


Leaves severely injured Loss per acre 
Year Location %, Lb. $ 
gt ies 2 ae a ee 
1938 Experimental Station, Delhi, Ont. 10 124 27.28 
1939 Experimental Station, Delhi 35 434 95.48 
1940 Experimental Station, Delhi, Field E 31 384 84.48 
1940 Experimental Station, Delhi, Field C 6 74 16.28 
1940 Norwood Farm, Lynedoch, Ont. 14 173 38.06 


ee | 


1Contribution No. 3073, Division of Entomology, Science Service, Canada Agriculture, Ottawa, 
Canada. 

2Officer-in-Charge, Field Crop Insect Section, Science Service Laboratory, Kentville. Nova Scotia, 
formerly in charge, tobacco insect investigations, Laboratory of Entomology, Chatham, Ontario. 

38Wildlife Officer for Ontario, Kingston, Ontario; formerly Officer-in-Charge, Laboratory o 
Entomology, Chatham, Ontario. 
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Table I takes into account culy the worthless and severely injured leaves, but there is ad- 
ditional damage caused by the lzrvae eating smaller portions of the leaves. The total leaf damage 
in the plots at the Canada Experimental Station, Delhi, Ont., in 1939 was over 52 per cent. With 
a higher current price for tebacco (44 cents in 1950), the monetary loss per acre would be 
correspondingly higher. 


The annual sprayir.g bill for Ontario to combat this one tobacco insect was estimated in 1945 
to be in the neighbourhood of $107,600. This included the application of about 200 tons of 
arsenate of lead. This material has now been replaced by DDT at slightly more than half the 
cost per acre. 


Other major tobacco pesis, such as aphids, cutworms, wireworms, and grasshoppers, also 
cause losses, but reliable figures are not available. 


In the following annotated list the numbers immediately following the names of the insects 
refer to the tobacco districts in which they were found. The districts are numbered trom west 
to east and are defined as follows: 

1. The Sumas district is in the lower Fraser Valley in British Columbia. 

2. The “Old Belt” coinprises parts of the counties of Essex and Kent in extreme south- 

western Ontario. 

3. The “New Belt” comprises parts of the Ontario counties of Elgin and Norfolk and 

southern portions of Oxford and Brant. 

4, The “Northern District’? in Quebec lies north of Montreal and comprises parts of the 

counties of lAssomption, Montcalm, Berthier, and Joliette. 

5. The “Southern District” in Quebec lies south of Montreal along the valley of the Yamaska 

River and is centred in Rouville County. . 


References to the literature are indicated at the end of each notation on a species. For No. 22, 
the volumes and the numbers of The Canadian Insect Pest Review are given and are marked 


off by commas. 


PHYLUM ARTHROPODA 


CLASS INSECTA 


ORDER COLEOPTERA 
Family Chrysomelidae 
Diabrotica undecimpunctata howardi Barber (spotted cucumber beetle) (2,3).—Not usually 


injurious to tobacco, but in some years severely destructive. Characteristically feeding on the 
growing points of young plants. (22, 21 (3), 23 (3), 24 (4), 25 (3). 

Epitrix hirtipennis (Melsh.) (tobacco flea beetle) (2,3).—Found on tobacco only in 1933, but 
found on ground cherries, Physalis spp., which are common weeds in southwestern Ontario. (21). 

Phyllotreta striolata (¥.) (striped flea beetle) (2).—Found in a tobacco seed-bed in May, 1939, 
causing slight damage. (9). 

Systena taentata (Say) (2).—Observed feeding on tobacco, causing very little damage. (22, 
26(3) ). 


Leptinotarsa decemlineata (Say) (Colorado potato beetle) (2,3,4,5).—Occasionally feeding on 
tobacco. (14). ns 


Family Coccinellidae 


Coleomegilla maculata lengi Timb. (2,3), Cycloneda munda (Say) (2,3), Coccinella novem- 
notata novemnotata Hbst. (2,5), Hippodamia convergens Guér. (2,3), and Hippodamia tridecim- 
punctata tibialis (Say) (2,3).—Commonly found feeding on aphids on tobacco. (11). 


pis 
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Family Eiateridae 
_ Agriotes mancus (Say) (wheat wireworm) (2,3).—Typically found in the heavier tobacco 
soils. (7). SAS 


Aeolus mellillus (Say) (flat wireworm) (2).—A common wireworm in areas having heavier 
soil suitable for burley tobacco. Readily found and always causing some damage. Life-cycle 
completed in one year. In Canada apparently restricted to southwestern Ontario and Western 
Gaiada. (1 5sa22, 919 (3), 22.3). 


Clenicera aeripennis aeripennis (Kby.) (Puget Sound wireworm) (1).—Reported damaging 
tobacco in 1946. (22, 24 (8) ). 


Limonius infuscatus Mots. (western field wireworm) (1).—Reported damaging tobacco in 1946. 
(22,24 (8)\): 


Limonius agonus (Say) (eastern field wireworm) (2,3,4,5).—The most abundant and injurious 
wireworm in Ontario. In some years reported as extremely injurious. (19; 22, 24 (8), 25 (3) ). 


Ctenicera spp. (2).—Reported to have injured tobacco. (5; 6; 22, 22 (3) ). 


_ Meinnotus divarcarinus Blatch. (2).—Found injuring burley tobacco in Kent County, 
Ontario. (6). 


When wireworm injury to tobacco was reported, the species involved were usually not 
mentioned. Consequently, out of the mass of references to wireworms, only generalities of 
limited value can be deducea. Damage to tobacco seems to fluctuate considerably. Recent periods 
of exceptionally severe and widespread injury in southwestern Ontario were 1930-31, 1938, 
1940-41, and 1946. 


Family Scarabaeidae 


Macrodactylus subspinosus (F.) (rose chafer) (2,3).—Occasionally injurious in years of high ~ 
populations and especially in sandy areas. Attack on tobacco probably incidental, the adults 
having emerged in fields planted to the crop. Most beetles seen in such fields were in copulation. 
(220 Mel (2), (22.13). 201(3))). : 


ORDER COLLEMBOLA 
Family Isotomidae 


_ Proisotoma minuta (Tullb.) (2).—Reported present in millions in plant beds, causing consider- 
able injury. (22, 16(2)). 


Xenylla vielchi Fols. (2).—Frequently found injuring tobacco seedlings. (22, 16 (2), 24 (2)). 


Family Sminthuridae 


Bourletiella hortensis (Fitch) (garden springtail) (2)—Nearly always present in plant beds, 
at times severely injuring seedlings. (22, 5 (2)). 


ORDER DIPTERA 
Family Anthomyidae 
Hylemya cilicrura (Rond.) (seed-corn maggot) (2).—Usually a minor pest of tobacco, but 


high populations and considerable damage reported in 1931 and 1944. (21; 22, 9 (3), 22 (3)). 


Family Tipulidae 


Nephrotoma spp. (3).—Field tobacco slightly injured by larvae. (22, 25 (2) ). 
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ORDER HEMIPTERA 
Family Miridae 
Lygus oblineatus (Say) (tarnished plant bug) (2,3).—Occasionally feeding on-tobacco. (1). 


Euschistus variolarius (P.B.) (2,3).—Prevalent every year with occasional severe infestations. 


(22, 19 (4) 27(4)). 


ORDER HOMOPTERA 


Family Aleyrodidae 


Trialeurodes vaporariorum (Westw.) (greenhouse whitefly) (2).—Often found in parts of 
tobacco fields shaded by trees. (22, £6 (5) ). 


‘Family Aphididae 
Myzus persicae (Sulz.) (green peach aphid) (2.3)—Seen in injurious numbers for the first 
time on July 31, 1947, scuth of St. Thomas and Chatham, Ontario. Every year since, irregular 


areas of severe infestation have extended from Simcoe to Harrow, chiefly along the north shore 
of Lake Erie. (22, 26 (1), 26 (6), 20 (1) ). 


Aphis meidis Fitch, Aphids rumicis (L.), and Drepanaphis acerifoliae (Thos.).—Found on 
tobacco in Ontario in 1942. As no thriving colonies seen, presence no doubt incidental. (10). 


Family Cercopidae 


Philaenus leucophthalmus (L.) (meadow spittlebug) (2).-Feeding on the mid-veins of 
tobacco leaves. Sometimes numerous but apparently doing little damage. (22, 26 (3) ). 


ORDER LEPIDOPTERA 
Famiiy Arctiidae 


Est¢gmene acrea. (Drury) (salt-marsh caterpillar) (5).—Found injuring tobacco at !’Ange 
Gardien, Quebec. (22, 12 (4)). 


Family Phalaenidae 
Graphiphora c-nigrum (L.) (spotted cutworm) (3).—Found feeding on tobacco seedlings in 
greenhouses. (22, 26 (2) ). 


Crymodes devastator (Brace) (glassy cutworm) (2,3,4,5)—Commonly found injuring tobacco. 


(22, 20 (4)). 


Euxoa messoria (Harr.) (dark-sided cutworm) (2,3,4,5).—A climbing cutworm. Always found 
_ associated with tobacco, often causing severe losses of newly set plants. (4; 22, 20 (4), 2i (3), 22 (3)). 


Euxoa tessellata (Harr.) (striped cutworm) (2,3,4,5)—Common, and occasionally very in- 
qunious: (22, 20°(4),. 21 (3). 22 -(3) ). 


Feltia subgothica (Haw.) (dingy cutworm) (2,3,4,5)—Commonly found in tobacco fields. 
(4; 22, 20 (4)). 


Agrotis ypsilon (Rott.) (black cutworm) (2,3,4,5)—Commonly found injuring tobacco. 
(13; 22, 26 (3) ). 

Mamestra configurata Wlkr. (bertha armyworm) (l).—Reported to have injured tobacco in 
£958... (3): 


Euxoa detersa (Wlkr.) (3).—Probably common, but recorded only in 1942, 1943, and 1944. 
(22, 20(4), 21, (3), 22 (3). 
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Apamea amputatrix (Fitch) [=Septis arctica (Freyer)] (yellow-headed cutworm) (2,3).— 
An underground feeder. Rarely noticeably injurious. (20). 


Peridroma margaritosa (Haw.) (variegated cutworm) (2,3,4,5).-Nearly always present and— 
injurious in tobacco fields. (22, 16 (2), 23 (3), 26 (4) ). 


Polia meditata (Grt.) (3).—Found injuring tobacco seedlings in 1948. (22, 27 (1B) ). 


Spaelotis clandestina (Harr.) (w-marked cutworm) (2,3).—A climbing cutworm; nearly always_ 
present in tobacco fields but rarely in large numbers. (22, 20 (4)). 


Heliothis armigera (Hbn.) (corn earworm) (2,3).—Attacking tobacce to a minor extent. Chas 


Heliothis virescens (F.) (tcbacco budworm) (2,5).—Occasionally injurious in small, localized 
areas... (22, 17 (4), 27.5) ). 


Papaipema nebris (Guen.) (stalk borer) (2,5,5).-A minor pest but sometimes common. 
(F229 18) 44a) ): 


Prodenia ornithogalli Guen. (yellow-striped arniyworm) (2).-Found feeding on tobacco in 
1949. (22,°27(4)9: 


Trichoplusia ni (Hbn.) (cabbage looper) (2,3).—Found occasionally on tobacco but causing 
little injury. (8). 


Family Nymphalidae 
Vanessa cardui (L.) (painted-lady) (2).—Found feeding on tobacco in 1949. - ‘22, 27 (Do 


Family Pyralididae 


Crambus ccliginosellus Clem. (corn reot webworm) (2,3,5).—Causing considerable damage to- 
tobacco in some years. (8; 22, 25 (1)). 


Crambus luteolellus Clem. (2,3).—Reported to have injured tobacco. (4; 5; 22, 25(1)). 


Crambus trisectus (Wilk.) (2,3).—Occasionally in outbreak proportions on tobacco in Ontario. 
(22784 (1) ): 


Nomophila noctuella (Schiff.) (2).—Occasionally feeding on tobacco but usually on cloyers 
and grasses. (22, 16 (3) ). 


Pyrausta nubilalis (Hbn.) (European corn borer) (2,3).—Found infesting tobacco grown 
beside corn. (18). 


Family Sphingidae 
Protoparce sexta (Johan.) (tobacco hornworm) (2).—A southern species taken for the first 


time in Canada in Essex County, Ontario, in 1939. Collected almost every year since. Probably 
always present in varying numbers. (22, 17 (4), 24(1)). 


Protoparce quinquemaculata (Haw.) (tomato hornworm) (2,3,4,5).-Called the “tobacco 
worm’ by tobacco growers. The most important insect enemy of tobacco in Canada. Larvae 
voracious feeders on the leaves and artificial control usually necessary. Parasitized chiefiy by the 


braconid Apanieles congregatus (Say). Parasitism sometimes over 90 per cent in late summer. 
(22, 1-29). 


ORDER ORTHOPTERA 


Family Locustidae 


Camnula pellucida (Scudd.) (clear-winged grasshopper) (2,3)—Not common, but occasionally 
feeding on tobacco. (16). 
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Chortophaga viridifasciata Deg. (5).—A minor pest of tobacco in Quebec. (2). 


Dissosteira carolina (L.) (Carolina grasshopper) (2,3).—Always somewhat destructive and in 
some years an important pest. (22, 23 (3) ). 


Encoptolophus sordidus (Burm.) (2).—Occasionally injurious in late summer. Not wide- 
spread. (22, 26 (6) ). 


Melanoplus mexicanus mexicanus (Sauss.). (lesser migratory grasshopper) (2,3,4,5).—Nearly 
always somewhat destructive to tobacco. (2,16). 


Melancplus bivittatus (Say) (two-striped grasshopper) (5).—Reported to have injured 
tobacco. (2). 


Melanoplus femur-rubrum (Deg.) (red-legged grasshopper) (2,3).—-Always somewhat injurious 
and occasionally abundant enough to damage fields seriously. (22, 22 (1), 23 (3)). 


Scudderia furcata Brunn. (fork-tailed bush katydid) (2,3).—Scarce in tobacco fields, but in- 
jurious to individual plants. (22, 27 (1B)). 
Scudderia texensis Sauss.-Pict. (5).-Reported to have injured tobacco. (2). 


Family Gryllidae 
_Acheta assimilis F. (field cricket) (3).—Reported to have injured tobacco in Norfolk County, 
Ontarie -(22, 22 (1) ). 


Oecanthus nigricornis nigricornis Whlkr. (black-horned tree cricket) (2,3).-Somewhat in- 
jurious to tobacco. (11, 23). 


Oecanthus nigricornis quadripunctatus Beut. (four-spotted tree cricket) (2,3).—A scarce and 
miminonr pest. ..(11,°23). 


Oecanthus niveus (Deg.) (snowy tree cricket) (2,3).—Always slightly injurious. (11). 


Family Tettigoniidae 


Neoconocephalus ensiger (Harris) (2,3).—Occasionally seen feeding on tobacco. (11). 


PHYLUM MOLLUSCA 


Family Limacidae 


Garden slugs have been mentioned as being injurious at times in Ontario and Quebec but 
specific records are Jacking. (22, 9(3)). 


PHYLUM NEMATODA 
CLASS PHASMIDIA 


: Family Het?roderidae 
Meloidogyne sp. (root-knot nematode) (3).—A common eelworm. Said to cause considerable 
injury to tobacco in some years at Delhi, Ontario. (22, 21 (3) ). 
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PLANTING-WATER TREATMENTS FOR THE CONTROL OF 
WIREWORMS IN TOBACCO* 


J. A. Bircc? 


Laboratory of Entomology 
Chatham, Ont. 


The eastern field wireworm, Limonius agonus (Say), is the most important species of wire- 
worm attacking tobacco in southwestern Ontario. Untreated fields frequently have to be re- 
planted once or twice because of wireworm damage. Stems or roots of transplants may be 
tunnelled or severed. When damage is apparent, plants are replaced immediately. If the damage 
is less severe, replacement may be delayed until too Jate for the leaves to mature. 


Many wireworms may feed on one plant, but one is usually sufficient to kill it. Between 6 
and 7 square feet of land are allowed for a tobacco plant. One wireworm per square foot, 
a comparatively light irfestation, often results in 6 or 7 wireworms attacking each plant. Hence, 
a high degree of protection is necessary to prevent severe damage. 


1Contribution No. 3087, Division of Entomology, Science Service, Department of Agriculture, 
Ottawa, Canada. 


2Agricultural Research Officer. 
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Conditions favouring tobacco growing also favour the eastern field wireworm. They prefer 
sandy or sandy loam soils, which are also the most suitable for tobacco growing. The extensive 
cultivation necessary for good tobacco production also favours this species, the female usually 
Ovipositing in loose, cultivated land. Similar increases in the wireworm population have been 
noted in land devoted to potatoes and corn, where cultivation also is extensive. Tobacco land 
is cultivated frequently before planting, when wireworms normally feed heavily. Therefore, 
when the tobacco is transplanted the wireworms, deprived of their earlier food supply, centre 
their attack on the young, succulent plants. 


Cultural practices to date have proved unsatisfactory for control. In the past, many methods 
of chemical control had been tried with little success. The new organic insecticides, however, 
have made efficient and economical wireworm control possible for the first time. 


In 1947 D. S. Marshall, then of the Chatham laboratory, experimenting with BHC, obtained 
promising control of wireworms attacking flue-cured tobacco. Since that year, BHC, drilled into 
the ground either as a dust or mixed with fertilizer, has been the accepted means of wireworm 
control in southwestern Ontario. BHC, however, is disagreeable to apply, and taints root crops 
erown. in treated soil for at least 3 years after application. 


In 1947, BHC in planting water was also tried at the Chatham laboratory for wireworm 
control. Applied on the soil surface around the tobacco plants, this material retarded growth 
and did not afford satisfactory protection. In 1949, chlordane in planting water was tried in 
southwestern Ontario with moderate success. 


This paper is a report on experiments with planting-water treatments in the period 1950 
to: 1952. 


METHODS AND MATERIALS 


In 1950, the following wettable powders were compared in planting-water treatments for 
control of wireworms attacking burley tobacco: lindane, | oz. per acre; aldrin, | 1b.; chlordane, 
Y, 3%, 1, and 2 |b.; parathion, 1% lb.; check, planting water only. Ten ounces of liquid were 
applied, on the soil surface, at the base of each plant. This high rate of application was made 
to ensure that the planting water reached the roots of the transplants. 


In 1951, the only insecticide used on burley tobacco was lindane. Treatments were applied 
with a mechanical tobacco transplanter at 14 and %4 oz. per 40-gal. barrel of planting water, 
or 1 and 2 oz. per acre. In addition, dipping the roots and underground parts of the stem of 
the tobacco plant in lindane suspensions at rates equivalent to 8 and 24 oz. per acre was tried. 
The lindane planting-water treatment was tried on a field scale for the first time on flue-cured 
tobacco near Dresden, Ont. 


In 1952, experimental work was conducted on both flue-cured and burley tobaccos. The 
fiue-cured tobacco experiment was at Port Stanley, Ont. Lindane in the planting water at 
Y% oz. per 40-gal. barrel was compared with a lindane seed dressing on fall rye, applied in the 
fall of 1950 for control of the wireworms. In the burley tobacco experiment at Highgate, Ont., 
lindane at 4 0z., heptachlor at 2 oz., and chlordane at 4 oz. per 40-gal. barrel of planting water 
were compared. Field demonstrations of lindane in the planting water on burley and flue-cured 
tobaccos were observed in a number of growing areas. 


In 1950, wireworm counts were made in each plot before and after treatment by standard 
soil sifting methods. Wireworm damage was assessed by examining all dead or dying plants 
1 and 2 weeks after transplanting. The number of plants harvested in each plot was recorded. 
Yields were taken by stripping and weighing the cured leaf from 50 tobacco plants chosen at 
random in each plot. The records taken in 1951 were the same as those taken in 1950, with 
the additiop of plant growth measurements made approximately 1 month after transplanting. 
In 1952, in the flue-cured tobacco experiment, yields were not taken. In the burley tobacco ex- 
perimcnt, green-weight records were used instead of yields of cured leaf. 
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Periodic examinations were made in 1951 on the field demonstration of lindane in the 
planting water on flue-cured tobacco, and in 1952 on both burley and flue-cured tobaccos. 


RESULTS AND DISCUSSION 


Records of plant injury by ~vweworms were largely used as an index of effectiveness of the 
treatments. Crop growth and wireworm populations are not discussed in detail at this time. 

In Table 1, the percentages of burley and flue-cured tobacco plants showing wireworm 
injury are given for the various treatments for 1950, 1951, and 1952. 


TABLE 1 
PERCI NTAGE OF BURLEY AND FLUE-CURED TOBACCO PLANTS SHOWING 
WIREWORM INJURY IN 1950, 1951, and 1952 


Percentage of 
plants show- 


Year Treatment . Amount per Method of ing wireworm 
acre application injury 
Burley 
1950 Lindane 1 oz. 9.4 
Aldrin 1 Ib. 16.9 
Chlordane ly OZ. Planting 22°53 
Chlordane 34 |b. water ap- 16.5 
Chlordane 1 Ib. plied to 15.2 
Chlordane 2 Ib. soil surface 21.5 
Parathion Ym lb. | 17.9 
Check 33.5 
1951 Lindane 1 oz. Planting 8.0 
Lindane 2 OZ. water 8.0 
Lindane 8 oz. Dipping 6.25 
Lindane 24 072. treatment 8.75 
Check 43.25 
1952 Lindane 1 On: 5.0 
Chlordane 1 Ib. Planting 12.5 
Heptachlor Y% |b. water 7.25 
Check 22.0 
Flue- 
cured 
1952 Lindane 1 oz. Seed ee 3.5 . 
treatment 
Lindane 1 oz. Planting O25 
water 
Check 5.75 


The lindane planting-water treatment afforded good protection from the wireworms for the 
3 years it has been under trial. Aldrin, chlordane, parathion, and heptachlor were inferior to 
lindane whenever used. Although good protection was obtained by dipping the roots and under- 
ground parts of the stem of the tobacco plant, it is doubtful whether this method of control 
would find favour with tobacco growers. The plants are wet when planted, and are disagreeable 
to handle. The lindane seed treatment on fall rye, preceding tobacco in. the standard rye-tobacco 
rotation, reduced the damage slightly. This treatment may have a place in wireworm control 
after the population has been reduced by other means. 
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The lindane planting-water treatment at 1% oz. per 40-gal. barrel of planting water has had 
no visible adverse effect on the growth or yield of the tobacco. In fact, especially in flue-cured 
tobacco in 1952. a marked increase in growth was noted in the plots treated with lindane in the 
planting water. The increase in growth was greater than the reduction in the wireworm activity 
seemed to warrant. The treatment may have had some direct or indirect stimulating effect on 
the growth of the tobacco. Increasing the lindane to 14 oz. caused slight distortion of the 
tobacco plants. However, the plants recovered and the yield records indicated normal growth. 
This was also noticed when the tobacco plants were dipped in the lindane suspension at the 
higher rate. Aldrin, parathion, and heptachlor had no visible effect on the growth of the 
tobacco plants. In 1950, all rates of chlordane appeared to reduce the yield. However, in 1952 
the tobacco plants treated with chlordane were comparable with those in the check. 


The reduction in the wireworm population has not been greater than 25 per cent with the 
lindane planting-water treatments. Increasing the rate of application did not give a correspond- 
ing decrease in the wireworm population, nor did dipping the roots and underground stems 
of the tobacco plants in a lindane suspension. The other organic insecticides were inferior to 
lindane. In 1952, the reduction in the wireworm. population was not great. Hot, dry weather, 
when the tobacco was transplanted, no doubt reduced the activity of the wireworms so that 
fewer wirewsrms came in contact with the insecticides. 


In the field trial of lindane in the planting water in 1951, the wireworm damaged plants were 
‘reduced approximately 90 per cent. In 1952, in the field trials the check rows were inferior, and 
there was some evidence in flue-cured tobacco that the treated rows ripened earlier. This further 
suggests the possibility of a stimulating effect from lindane. 


The lindane planting-water treatment is economical and requires a minimum of effort for 
application. So far as can be determined in the time it has been in use, it does not constitute 
a health hazard to operator or consumer, nor does it appear to create a residue problem in 
plant or soil. 


CONCLUSIONS 


The results of 3 years’ experimental work have shown that lindane in the tobacco planting 
water will satisfactorily protect tobacco transplants from wireworms. At 1 oz. of 25 per cent 
wettable powder per 40-gal. barrel cf planting water, there was no phytotoxic effect on tobacco; 
in some cases, an increase in plant growth was apparent. The treatment may have to be used 
every year that tobacco is grown in infested fields as the reduction in the wireworm population 
has never been greater than 25 per cent. 


Aldrin, parathion, heptachlor, and chlordane, tested in the planting water, were inferior 
to lindane. There was some indication that chlordane adversely affected the growth of the 
tobacco. — 


Lindane seed treatments on fall rye may have a place in wireworm control where the rye- 
tobacco rotation is used. This treatment alone is apparently not sufficient, but may be used in 
preventing wireworm populations from increasing in fields in which they have been reduced 
by more effective treatments. 
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NOTE ON CONTROL OF FLEA BEETLES ON TOMATOES BY 
PRE-TRANSPLANTING TREATMENTS 


(COLEOPTERA: CHRYSOMELIDAE) 


: aE EDWARD ARMAND 


Entomology Field Station, Diviston of Entomology 


Canada Department of Agriculture, Picton, Ontario 


In Ontario, flea beetles, of which Epitrix cucumeris (Harr.) is the most abundant species, 
commonly attack tomato plants soon after they are set out in the field. The plants frequently 
require more time to become established when injured by flea beetles, and as sprays are seldom 
applied until the damage is noticeable they are expensive and usually too late to be effective. 
Though DDT has been generally recommended for flea beetle contro], it has been the general 
impression of entomologists that it would harm young tomato plants. In 1952, experiments 
were conducted on treating the plants by adding DDT to the last fungicide spray applied when 
the plants were still in the flats. 


Eight growers on farms throughout Prince Edward County co-operated by providing test 
fields. Each grower was free to choose the source and variety of his plants, using only one variety 
from only one source. All plants were locally grown except for one farm where their source 
was Georgia. 


One ounce of 50 per cent wettable DDT and three-quarters of an ounce of ziram (1 oz. of 
Zerlate, Canadian Industries Limited, Toronto) were added to 214 gallons of water for a tankful 
of spray. The spray was applied with compressed-air, cylindrical hand sprayers, of the shoulder- 
strap type. Flats were spaced eight inches apart to facilitate spraying from all sides. Both the 
lower and upper surfaces of the leaves were thoroughly covered with spray. A tankful was made 
up and applied in half an hour, the materials costing 614 cents. On an average this was sufficient 
to spray plants for two acres. The plants that came in bundles from Georgia were loosened 
and dipped in the mixture; this was equally as fast as using the spray. 


Treated and untreated plants were transplanted between May 28 and June 5 in contiguous, 
equal solid blocks. Replacements, including those for most of the plants destroyed by cutworms, 
were made within a few days after transplanting, and these received the same treatment as the 
original plants; otherwise the growers followed their normal cultural procedures, including the 
use of field sprays. None applied field sprays within three weeks after planting. Any sprays 
that were applied contained fungicide enly. 


Records were taken on flea beetle injury, plant heights, and yields. Two weeks after planting, 
the plants were examined for injury in straight lines across equal siumbers of treated and un- 
treated rows. Damage per compound leaf was weighted as follows: slight damage, one to 20 
feeding pits: one point; moderate damage, 21 to 100 pits: 5 points; severe damage, more than 
100 pits: 15 points. Plant heights were recorded 25 and 44 days after planting. In each of seven 
fields, three eight-plant nlots in the treated and three in the untreated areas were harvested on 
each of five dates between August 19 and September 20 (one field that had grown to weeds was 
not harvested); the plots ccnsisted of two adjacent rows of four plants each. Therefore, there 
were 210 yield records for the 42 plots. 


In the treated areas of the fields 30 per cent fewer plants and 33 per cent fewer leaves were © 
attacked by flea beetles. The reductions in injury in the various fields ranged from 54 to 93_ 


ner cent, the average being 72 per cent. Analysis of variance showed that these three differences 
were significant at the one per cent level. 


Though there was a trend toward tallness of treated plants, the spray had no significant effect 


on plant height and no appreciable effect on growth was observed. 
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The average yields of treated and untreated plants were 8.97 and 6.39 tons per acre respect- 
ively, and the standard error of the means was + 0.87. This difference was significant at the five 
per cent level. 


It was noted, also, that in two fields cutworms destroyed a number of the transplants in the 
unireated areas but none in the treated. 


Though the results varied considerably in the different fields, an expenditure of less than 
25 cents per acre for labour and materials gave an average gain of $90.00 per acre, estimated at 
current prices and grading levels. Further, the spray caused no damage to the plants. On the 
basis of one year’s tests, spraying with DDT before transplanting seems warranted as a routine 
measure for the control of flea beetles on tomatoes. 
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THE POST-HARVEST CONTROL OF MICCOTROGUS PICIROSTRIS (F.) 
(GOLEOPTERA: CURCUEIONIDAE) IN: ALSIKE FIELDS, 1949-1952’ 


W. E. Hemine’?, D. A. ArNoTT?*, K. G. DAvey® and C. R. MORELAND? 


Miccoirogus (=Tychius) picirostris (F.), tentatively named the clover seed weevil, is un- 
doubtedly the principal insect pest of the alsike clover seed crop in southern Ontario. Ladino 
and white Dutch clovers are host plants also. The present extent of our knowledge indicates 
that there is only one generation a year although a partial second generation possibly may 
develop in either of the other hosts. 


Pielou (1950) and Heming (1952) have reported on the control of the insect in the growing 
alsike crop. In 1949, investigations were begun on the possible use of cultural practices imme- 
diately after crop harvest to control weevils in infested alsike seed fields. When the crop is 
mature, most of the weevils are present in the soil as larvae, prepupae, pupae, or new adults 
within 14 to 14 inch of the surface and are particularly vulnerable to attack. At first, cultural 
treatments alone were tested. These afforded some measure of control but later the application 
of insecticides, with or without disturbing the soil, proved more effective in reducing weevil 
populations in the soil. 


EQUIPMENT — The farm machinery necessary for the experiments involving cultural controls 
was loaned by the farm owners or their neighbours or provided by the Department of Agri- 
cultural Engineering of the Ontario Agricultural College. Spray applications were made with 
a tractor-drawn power sprayer (Farquhar Iron Age) equipped with a 134 h.p. engine, a 100-gallon 
tank, and a 15- or 18-foot, 11- or 12-nozzle boom, adjustable for height. A pressure of approx- 
imately J00 lbs. was used in all tests. 


METHODS — Bailey field, 1949. — A 12-acre field of alsike on heavy Clyde clay near Chatham, 
Ontario, was found to be severely infested with weevils at the time when the clover was flowering 
and setting seed. On July 4, it was mowed. Because of hot dry weather the crop was ready to 
be threshed on July 6. Threshing had to be delayed until July 11; the cultural control experi- 
ment also was postponed. Counts made on 20 one square-foot plots on July 11 showed that 
weevils of the new generation were beginning to emerge in numbers from the soil. An average 
of 8.3 weevils per square foot were taken as they crawled about on the soil surface. 


1Part of the programme of the Legume Research Committee in Ontario. 
2Department of Entomology and Zoology, Ont. Agric. College, Guelph, Ontario. 
’Lakoratory of Entomology, Science Service, Chatham, Ontario. 

4Now stationed at Field Crop Insect Laboratory, Science Service, Kamloops, B.C. 
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To test certain cultural treatments three linear blocks (200 feet by 12 feet), divided into - 
8 small (25 feet x 12 feet) plots each, were laid out across the field 20 feet apart. This arrange- — 
ment provided 4 treatment replications and facilitated the use of regular farm equipment. — 
On Juiy 12 the following treatments were applied: 


1. Ploughed, 4 inches 

2. Ploughed, 4 inches; disked and rolled : % 
. Ploughed, 6 inches _ 4 
Ploughed, 6 inches; disked and rolled | vS ; 


Check, no treatment. 


OC 


In order to determine what effect the treatmeits might have had on the life history stages 4 
in the soil, weevil emergence from the plots was recorded daily from July 13 to August 3. Emer- x 
gence data were obtained by placing cages over the soil in each plot. Cages consisted of inverted 4 
214-gallon galvanized sap pails with the rims sunk and tamped firmly into the soil to a depth 9 
of 2 inches (Fig. 1). To collect newly emerged weevils each pail was fitted near the upturned _ 
bottom rim with a glass vial inserted snugly into a round opening. The positively phototropic 


oy 


= 


weevils entered the vials soon after emergence and were recorded readily. In Fig. 1 the arrange- 


a 


ment of the experimental area and the placement of the emergence cages, are shown. 3 


Fig. 1. Arrangement of blocks and plots in experimental area and method of placme cages . 
for weevil emergence. Bailey farm, 1949. ¥ 


Porter field, 1950: ‘This was a long, narrow, 614-acre strip of alsike on Oneida clay loam in — 
Haldimand County. Earlier in the season it had been used for an experiment on the control 
of Miccotrogus in the growing alsike. When the crop was harvested. the untreated check areas, — 
comprising about 214 acres, were used for post-harvest control tests. Twenty l%4-acre plots of — 
5 trea‘ments replicated 4 times were laid out. The following treatments were applied on July 28 — 
and 29: ; ; 

1. Rotary plowed, 3-4 inches 

2. Ploughed, 5 inches; cultipacked 


3. Ploughed, 5 inches; cultipacked; double-disked; cultipacked 
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4. Check, no treatment 


5. Lindane’* 25% w.p., sprayed on soil surface at the rate of 0.25 lb. actual toxicant per 
acre in 80 gallons of water; dcuble-disked. 


Sixteen emergence cages, similar to those used in the preceding experiment, were placed on each 
plot; 8 where windrows had been lying and 8 between the windrows. This arrangement was 
considered advisable as the crop had been lying in the windrow for 7-9 days prior to pick-up 
combining and many mature larvae had dropped from the cut alsike and entered the soil to 

- pupate. Weevil emergence data were recorded daily from July 30 to August 24. The last observa- 
tions were made on eee 30 to record any late emergences. Undoubtedly many new-generation 
weevils emerged prior to the application of treatments because of the delay in completing the 
harvest but this should not alter the validity of the results obtained. 


Laboratory studies, Methods and results, 1951: In the Chatham laboratory an experiment was 
set up early in July to determine the effectiveness of various insecticides in the control of 
Miccotrogus ijarvae and pupae in the soil. Mature larvae were collected from alsike heads trom 
the A. Pepper farm near Merlin, Ontario. Earth was obtained from the same field and clried 
at 149°F. The insecticides, in the form of stock solutions, were added to enough water to bring 
the moisture content of the soil samples to 13 per cent. The treated soil samples were put into 
pint “sealright” containers, to a depth of 3 inches. Ten vigorous larvae were placed in each 
container. In order to check the daily weevil emergence in the covered containers, a glass vial 
Was inserted into the side of each. The following treatments were replicated 5 times (Table 1): 


eLeauby ei 


LABORATORY INSECTICIDAL TREATMENTS AND EMERGENCE OF 
MICCOTROGUS ADULTS 


Amt. actual Per cent 
- Insecticide toxicant per acre weevil emergence 
DDT te 2 Tb: 38 
DO, W.p. | eck 36 
5.0 24 
Chlordane. eer 16 
40%, wp. 1.0 16 
2.0 10 
Aldrin 3.0 0 
me 20%, W.p.. 5.0 0 
: 7.0 0 
Lindane 2.0 22 
25%, W.p. 4.0 12 
8.0 2 
Check — 72 


The first emergence for all except the aldrin-treated replicates, was recorded 17 days after 
_the larvae were placed in the containers. Twice during the period of the experiment it was 
_ hecessary to add water to each container. In each case this increased the number of weevils 
| which emerged the following day. 


From Table I, it is readily evident that aldrin at the concentrations tested was the most 
effective insecticide and probably smaller amounts would have been. satisfactory. 


1Donated by Dow Chemical of Canada Ltd. 
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Fallis field, 1951: This was a small volunteer stand of alsike on Haldimand clay in Haldimand 
County. The crop was uneven and patchy. The weevil population based on counts obtained 
from net sweeps was much lower than at the Porter farm the preceding year. Again weather 
delayed harvesting at least a week and in order to set up the experiment as early as possible the 
raked swaths were carefully forked off the test area. Twenty 1/50-acre plots of 5 treatments re- 
plicated 4 times were laid out and on July 27-28 the following treatments were applied: 


1. Lindane?,? 25% w.p., 0.25 Ib. actual toxicant per acre; double-disked 
2. Check, no treatment 

3. Ploughed, 5 inches; cultipacked; double-disked; cultipacked 

oe Plonehed 5 inches; cultipacked | 


5. Dieldrin’,® (Dieldrex 15), 2.0 Ibs. actual toxicant per acre; double-disked. 


Sixteen emergence cages, as described earlier, were placed on each plot. Daily weevil emergence 
records were obtained from July 28 through August 29. 


Robinson field, 1952: The study area was part of an 8-acre field of uniform alsike in bottom 
land (Peel clay) in Peel County. Harvesting of the unsprayed crop was delayed beyond the 
normal time because of the unusual amount of green foliage present. Part of the field was cut 
July 8, using a binder with a buncher attachment. Wet weather delayed the cutting of the 
remainder until July 11. Rain delayed threshing until Tuly 16 and 17. Twenty-four 1/40-acre 
randomized plots, comprising 6 treatments, each of which was replicated 4 times, were laid out. 
To permit easy movement of the spray machine, adjacent blocks of plots were separated by 
a turning area 8 yeards wide. The following insecticidal and cultural treatments were applied 
on July 17-18: 


1. Ploughed, 5 inches; cultipacked 

2. Lindane’, 25% w.p., 0.25 Ib. actual toxicant per acre 

3. Dieldrin’* (Dieldrex 15), 1.5 lb. actual toxicant per acre 

4. Aldrin’? (20% eraulsifiable concentrate), 1.5 Ib. actual toxicant per acre 


5. Check, untreated 


6. Heptachlor’* (2E emulsifiable concentrate), 0.75 lb. actual toxicant per acre. 


Thirteen emergence cages were placed on each plot. Of the 52 cages on the plots of each 
treatment, 26 were placed in soil on which alsike bunches had lain and 26 in spaces between. 
Daily weevil emergence records were taken from July 19 through August 18, when emergence 
seemed to be complete. 


1Sprayed on soil surface in the equivalent of 80 gallons of water per acre. 
2Donated by Dow Chemical Co. of Canada Ltd. 
3Donated by Shell Oil Company of Canada Ltd. 


4Donated by Velsicol Corporation: 
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RESULTS AND DISCUSSION. — In Fig. 2, the results of the field experiments conducted during 
1949-52 are shown. The early work on the Bailey farm (1949) showed that regular field cujture 
by ploughing alone or ploughing followed by disking and rolling, soon after harvest, reduced 
weevil populations in the soil from: 36 to 55 per cent. While not satisfactory from a practical 
standpoint, the results warranted some further work under more favourable conditions of 
harvest and treatment timing. 


At the Porter farm in 1950, the treatments reduced weevil emergence from 45.6 to 73.5 per 
cent. All reductions were highly significant. Lindane followed by disking was the most effective 
treatment reducing emergence 73.5 per cent. This reduction was significantly greater than that 
of any other treatments. There were no statistical differences in effectiveness between the three 
cultural controls tested. 


The delay in application of treatments for a week or more after the crop was mowed and 
windrowed permitted considerable weevil emergence to take place. Also, as a result of the 
delay, greater numbers of Miccotrogus in the soil were pupae or newly transformed adults in 
firm earthen cells and thus, perhaps, less susceptible than larvae to the damaging effects of the 
cultural treatments. 


In 1951 at the Fallis farm, a dieldrin spray was substituted for the rototiller treatment other- 
wise the programme was similar to that of 1950 except that the weevil population was consider- 
ably smaller. The ploughed-cultipacked plots showed a much greater weevil reduction than 
similar treatments gave either in 1950 or 1952. The ploughed-cultipacked-disked-cultipacked 
plots, on the other hand, were much less effective here tnan at the Porter farm. An explanation 
of these differences may reside in the soil types, moisture content, the weather following treat- 
ment or the irregularities of the alsike stand. Both insecticides effected excellent control. 
Because of the nature of the soil the double disking which followed the application of each 
insecticide failed to disturb the soil surface to any appreciable extent. 


At the Robinson farm in 1952, all of the insecticides tested significantly reduced (at the 
I per cent level) the emergence of Miccotrogus weevils. There were no significant differences 
in effectiveness between them and all effected a nearly complete control. ‘The one cultural 
control tested (ploughing and cultipacking) also produced a highly significant reduction in 
weevil emergence but it did not compare with any of the insecticides. 


An evaluation of the results of 4 seasons of post-harvest control experiments indicates that 
none of the cultural methods tested effected an adequate control. However, if an alsike seed 
crop was harvested at the eaxzliest possible time (which seldom is done) and the land was im- 
mediately ploughed and cultipacked, at least a 50 per cent control could be expected without 
any extra cost, as the operations are those normally followed, except for timing, in preparin z the 
soil for the following crop. 


At the present time the aldrin and dieldrin emulsifiables, at the rates used in these experi- 
ments, are too costly for forage and legume seed insect control. While the results suggest that 
smaller quantities of these insecticides might be effective, a considerable reduction in price would 
be necessary before growers would use them. Lindane and heptachlor are cheaper—under $2.50 
per acre exclusive of application costs—and the amount of heptachlor possibly can be reduced 
somewhat. The aldrin and heptachlor were tested for one season only and further work should 
be done. At the present time, only lindane of the insecticides used in the field tests is registered 
in Canada for legume seed insect control. 


Whether a grower will be willing to treat a field of alsike after the crop is off, in order 
_ to prevent or reduce damage the following year is a question. In areas where some acreage is 
devoted to seed production, it would be necessary for all growers to practise either post-harvest 
control or to treat the growing crop with DDT, as individual post-harvest effort would be largely 
__ wasted because the weevils have well-developed flight powers. If either control is followed and 
the treatment is accurately timed, satisfactory crops of alsike seed should once again be obtainable 
in spite of the fact that other host plants might serve as reservoirs. 
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Ordinarily, pollination is not a problem with alsike, although the placing of honeybee coionies 
in close proximity to the seed field would insure adequate seed set. 


SUMMARY. — In Southern Ontario when an alsike seed ciop is ready for harvest and for a short 
time thereafter, Miccotrogus picirostris, the principal insect pest, is present in the surface 14 inch 
of the soil as mature larvae, prepupae, pupae, or newly transformed weevils. 


Culiural practices such as: ploughing; ploughing, disking and rolling; ploughing and cuiti- 
packing; ploughing, cultipacking, double-disking and cultipacking; and rototilling, reduced by 
36 to 73 per cent the numbers of new adults which emerged from the soil. Ploughing followed 
by cultipacking immediately after harvest was the most satisfactory of these cultural procedures 
in clay and clay-loam soils. 


Laboratory studies on the efficacy of the soil insecticides—wettable powders of DDT, aldrin 
chlordane, lindane—established that aldrin at 3 Ibs. of actual toxicant per acre killed all stages 
in the soil. Field tests indicated that lower rates of aldrin are almost as effective. 


Field experiments with soil insecticides—lindane, w.p.; aldrin, dieldrin, and heptachlor emulsi- 
fiable concentrates—showed, that at the following rates of actual toxicant per acre—0.25 lb.; 1.5 Ib.; 
1.5 Ib.; and .75 lb. respectively—excellent control was obtained. It is possible that the rates for 
aldrin and dieldrin could be reduced without reducing their efficiency appreciably. At the 
present time only lindane of these insecticides is registered in Canada for forage or legume seed 
insect control. 
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Fig. 2. Effect of post-harvest cultural and insecticidal treatments on emergence of adults of 
Miccotrogus (=Tychius) picirostris from soil of alsike fields. 


Ploughed, 4 inches. 

Ploughed, 6 inches. 

Check-no treatment. 

Pleughed, 4 inches; disked and rolled. 
Ploughed, 6 inches; disked and rolled. 
Rototilled. 

Ploughed, 5 inches; cultipacked. 
Ploughed, 5 inches; cultipacked; double-disked; cultipacked. 
Lindane, 0.25 lb./ac. 

Dieldrin, 2 lb. /ac. 

Aldrin, 1.5 lb./ac. 

Heptachlor, .75 lb./ac. 
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SUMMARY OF IMPORTANT INSECT INFESTATIONS, 
OCCURRENCES, AND DAMAGE IN CANADA 
IN -'9527'= 


C. GRAHAM MACNAyY? 


Division of Entomology, Ottawa, Canada — 


This summary of insect conditions has been prepared from regional reports submitted by 
officers of the Division of Entomology, provincial entomologists, officers of the Division of Plant 
Protection, and university professors. In general, common names used are from the 1950 revision 
of the list approved by the American Association of Economic Entomologists. Common names 
other than these are accompanied by technical names. To avoid unnecessary duplication, forest 
insect conditions are not included, this insect group being adequately dealt with in the Annual 
Report of the Forest Insect and Disease Survey, published by the Division of Forest Biology, 
Canada Department of Agriculture. 


The summary of weather conditions was compiled from data in reports submitted by officers 
of the Division of Entomology, and in seasonal federal and provincial crop reports. The crop 
production summary was taken from the “November Estimate of Production of Principal Field 
Crops, 1952”, Dominion Bureau of Statistics, with data revised to agree with the Bureau’s 
“Revised Estimate’, Feb. 20, 1953. Data for Newfoundland were not available. 


SUMMARY OF WEATHER CONDITIONS 
IN CANADA-AN 1952 

In British Columbia, precipitation was well below normal in the interior, especially during 
the spring and autumn; it was low also in southern areas and on Vancouver Island until June. 
and even later in the Peace River district. Rains were general during July, and hai! caused 
seme damage to grains and fruit. at Armstrong and Vernon. The weather was generally dry 
through most of August, but in the Peace River district frequent showers delayed the ripening 
of grain. Temperatures were below average except in April and October, and in the interior 
sunshine exceeded the long-term average. Growth, although somewhat retarded during the 
early part of the summer, extended well into the autumn. 


In the Prairie Provinces, spring was early in 1952, the month of April being one of the 
warmest and driest en record. Such conditions were ideal for harvesting the large acreage of 
the 1951 crop left in the field over winter, and suitable for early seeding. Moisture reserves were 
well above normal in Alberta and Saskatchewan, and above average in Manitoba. Spring pre- 
cipitation continued to be well below normal until the latter part of May, permitting completion 
of seeding and threshing in most areas. During the early part of May crops in southern Manitoba 
began to deteriorate from drought and some soil drifting cccurred; later in the month general 
rains in the prairie area relieved the situation; crops recovered appreciably but hay was short. 
Grains and sugar beets in the dry areas of southern Manitcba and extreme southeastern Saskat- 
chewan were considerably damaged by cutworms; some wireworm damage occurred also. Timely 
rains threughout the growing season resulted in fair crop recovery in dry districts, and main- 
tained good growth generally, to produce the largest grain crop in the history of the West. 
Weed growth, too, particularly wiid oats, was heavy. Hail losses occurred in all three provinces 
but were, on the whole, moderate. Insect damage, in general, was slight, partly because of 
weather conditions adverse to insect development during the latter part of the 1951 season, and 
nearly ideal conditions for plant growth in 1952; the grasshopper population was one of the 
smallest on record Weather conditions during the early part of the harvest season were un- 
favourable in many districts, but improved later to permit completion of this activity. General, 
severe frosts did not occur until October. 


1Centribution No. 3082, Division of Entomology, Science Service, Department of Agriculture, 
Ottawa, Canada. : 
2Editor of The Canadian Insect Pest Review. 
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In Ontario and Quebec, dry, warm weather during the last three weeks of April and dry, 
cool conditions during the first ten days of May permitted early completion of seeding in most 
areas. Winter-killing of fall wheat averaged only about eight per cent in Ontario, and hay 
survived well except in several eastern counties. Frequent rains from May 11 to mid-June pro- 
vided moisture for seed germination and continued growth but cool weather retarded the latter. 
Excessive moisture im parts of eastern and northern Ontario and certain areas of Quebec, in- 
cluding the Abitibi and Temiscaming districts, caused some crop damage, retarded seeding, and 
later caused considerable spoilage of a heavy crop of hay. The early-season dry weather per- 
sisted until July in extreme southern areas of Ontario, resulting in poor pastures, reduced yields 
of wheat, hay, and beans, and considerable cutworm damage to tobacco and tomato crops. 
Very hot weather in July caused spring grains to mature much earlier than usual in both pro- 
vinces. Rains in late July and early August helped to fill out grain in central and south- 
western Ontario, but drought conditions persisted in Quebec, in the Abitibi and Temiscaming 
areas, during this period. Weather conditions were very favourable to growth of all crops during 
August and September in Ontario, but were somewhat less favourable in Quebec. Harvest 
Operations were hampered by frequent rains in many areas but pastures benefitted. September 
frosts caused some damage to the tobacco crop near Montreal. Cvop yields, in general, were 
below those of 1951 in both provinces. 


Following a winter of unusually heavy snowfall, spring came fairly early in the Gulf of 
St. Lawrence region ‘The winter in Newfoundland was unusually mild and favourable to insect 
survival. Little rain fell in April and seeding was well started in New Brunswick by the end 
of the month, but cold, wet weather during May and June delayed the compietion of field work 
in many districts. Growth was generally retarded and some moisture damage occurred in low 
areas. Apple blossom was delayed to the extent that, at least in Nova Scotia, it escaped frost 
damage completely, but the weather was not favourable to pollination. Higher temperatures 
toward the end of June were accompanied by good growth, notably of hay and pasture. July 
was unusually hot and dry, adversely affecting pasture, potatoes, and grain, particularly in New 
Brunswick. Good rains in August relieved drought conditions in all areas. Crop yields, particular- 
ly of early-planted grain, were fair to good. Late grain was light, notably in New Brunswick. 
Yields in general were below those of 1951, and the apple crop was light, but potatoes yielded 
better than expected. No serious outbreaks of insects were reported during the growing season. 


CROP PRODUCTION SUMMARY FOR CANADA, 1952 


The estimated total crop acreage of field crops in Canada in 1952 was 61,812,000, compared 
with 60,868,000 in 1951. The latter figure is based on the 1951 census. Canadian farmers in 
1952 harvested record crops of wheat, barley, and soybeans; near-record crops of rye, sugar beets, 
and shelled corn; and above-average outturns of most other field crops. In sharp contrast with 
1951, harvesting conditions in Western Canada were almost ideal, enabling farmers in the Prairie 
Provinces to harvest a combined total of 1.3 billion bushels of wheat, oats, barley, rye, and 
flaxseed. Elsewhere, conditions were almost without exception favourable for harvesting potatoes, 
sugar beets, fodder corn, and other late crops. On a regional basis, the greatest increases over 
1951 production occurred in Western Canada. The only crops in the four western provinces 
for which decreases from 1951 were indicated were sunflower seed, tame hay. and sugar beets 
in Manitoba; mixed grains, dry peas, and potatoes in, Saskatchewan; oats and mixed grains in 
Alberta; and wheat, dry beans, and field roots in British Columbia. In Eastern Canada, on the 
other hand, excepting pctatoes and tame hay, yields of most crops were below those of 1951. 


WHEAT .—Canada’s 1952 wheat crop, estimated at the unprecedented level of 688 million 
bushels, exceeded by 121 million bushels the previous record of 567 million set in 1928. Although 
the seeded area of 26.0 million acres was almost 10 per cent below the record 28.7 million seeded 
in 1940, the average yield of 26.5 bushels per acre exceeded by half a bushel the record set in 
1951. In the Prairie Provinces the wheat crop was placed at 664 million bushels, compared with 
529 million in 1951 and the previous record of 545 million harvested in 1928. 
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OATS FOR GRAIN.—Production of oats for grain in 1952 was estimated at 466 million 
bushels, 22 million less than in 1951 and about 29 per cent less than the record 652 million 
harvested in 1942. The decrease from 1951 was attributed to smaller seeded acreages since the 
average yield of 42.1 bushels per acre was somewhat above the 1951 jievel of 41.0 bushels. Pro- 
duction was down in all provinces except Manitoba, Saskatchewan, and British Columbia. 


BARLEY.—The 1952 barley crop, estimated at a record 291 million bushels, was 46 million 
greater than in 1951 and 32 million above the previous record crop harvested in 1942. Barley 
production was below the 1951 levels in all easterh provinces, but sharp increases occurred in 
the four western provinces. In Alberta a new record of 118 million bushels was established, in 
Saskatchewan the record of 92 million set in 1942 was equalled, and in Manitoba the 1952 crop 
of 71 millicn bushels was second only to the 74 million harvested in 1942. 


RYE.—The combined yield of fall and spring rye was placed at 24.6 million bushels, the 
fourth highest on record. Larger acreages and ‘average yields of both crops contributed to the 
increase cf une-third over the 1951 crop of 17.6 million bushels. Saskatchewan was the major 
producing area for this crop, accounting for 47 per cent of the 14.8 million bushels of fall rye 
and 72 per cent of the 9.8 million bushels of spring rye grown in Canada in 1952. 


OILSEEDS.—Excepting sunflower seed, the 1952 production of oilseeds for which estimates 
were available was well above the 1951 level. Production of flaxseed was estimated at almost 13 
million bushels as against 9.9 million in 1951. All but one million bushels was grown in the 
Prairie Provinces, with Manitoba’s 5.7 million bushels accounting for 44 per cent of the total. 
Scybean procuction, currently confined to Ontario, set a new record of 4.1 million bushels. some 
300,000 bushels greater than the 1951 crop. Rapeseed production, estimated at 15.9 million 
pounds, was double the 1951 outturn. The increase resulted from greater acreage in Saskat- 
chewan and the introduction of this crop into Manitcba, the first time in some years that 
significant quantities had been grown outside Saskatchewan. The Saskatchewan crop was 
estimated at 11.4 million pounds and that in Manitoba at 4.5 millicn. Production of sunflowey 
seed, currently confined to Manitoba,.continued the downward trend of the past few years. 
The 1952 crop was estimated at 2.3 million pounds as against 6.4 million in 1951> : 


MiXED GRAINS.—Production of mixed grains, grown chiefly in Eastern Canada, was estim- — 


ated at 63.2 million Lushels as against 68.5 million in 1951. The outturn in Ontario; the major 
producting area, was placed at 48.0 million bushels, or about 76 per cent of the total. The 1952 
all-Canada crop was harvested from a seceded area of 1.6 million acres averaging 40.0 bushels 
per acre. i 
DRY BEANS AND PEAS.—Production of dry beans was placed at 1,298.000 bushels as against 
1.233,000 in 195:, and of dry peas at 888,500 bushels as against 745,000 bushels. All but 21,000 


bushels of the dry bean crop was grown in Ontario. Although production of dry peas was more ~ 


widespread, slightly more than half of the crop was grown in Manitoba, with Ontario, Alberta, 
and Quebec accounting for most of the balance. 


SHELLED CORN.—Production of shelled corn was estimated at 19.7 million bushels, the 
largest since 1908 and 3.7 million greater than in 1951. Excepting an estimated 552,000 bushels 
in Manitoba, all of the shelled corn crop was grown in Ontario. 


POTATOES.—As a result of moderate acreage increases in all provinces except Quebec, 
Saskatchewan, and Alberta, and yield increases in all provinces, the 1952 potato crop was placed, 
on the basis o; field-run yields, at 58.9 million bushels as against 48.4 million in 1951. The 
average yield of 200 bushels per acre was the highest on record, but the area, estimated at 
294,000 acres, was only 3 per cent greater than the 1951 low level of 285,000 acres. ; 


SUGAR BEETS.—Producticn cf sugar beets in the four ‘beet-growing provinces was placed 
at a near-record one million tons, slightly above the 1951 total. Increases in both acreage and 
yield in Alberta, where a record crop of 480,000 tons was produced, more than offset lower 
- outturns ip Quebec, Ontario, and Manitoba. 
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FORAGE CROPS.—The total production of tame hay (including clover and alfalfa) was 
estimated at 19.1 million tons, compared with 19.5 million in 1951. A decrease of 1.2 million 
tons in Ontario, where nearly one-third of the crop was grown, together with a slight reduction 
in Manitoba, more than offset increases in all other provinces. Production of fodder corn at 
3.8 million tons was somewhat greater than the 1951 crop of 3.6 million tons. 


OTHER CROPS.—Production of buckwheat, which has been steadily declining in recent years, 
was placed at 2.7 million bushels as against 2.9 million in 1951. The crop of field roots (turnips, 
mangels, etc.) for livestock feed, excluding the Prairie Provinces, for which data were not avail- 
able, was estimated at 14.1 million hundredweight, practically unchanged from 1951. 


HONEY.—The honey yield in 1952 was 31,470,000 pounds, an average of 81 pounds per 
colony, compared with 40,909,600 pounds, an average of 101 pounds per colony, in 1951. The 
reduced yield may be accounted for in part by a reduction in the number of colonies, and in 
part by unfavovrable weather conditions, mainly in the Prairie Provinces and Ontario. 


NEW RECORDS OF INSECTS IN CANADA, 1952* 


A European tortricid, Cacoecia oporana L., was reared from larvae found feeding on snow- 
berry, Symphoricarpos sp., at Vancouver, B.C. The species was found on imported horse chestnut 
in a Toronto nursery in 1950, but, prior to the current record, had not been reared from any 
food plant in North America. (The Canadian Insect Pest Review 30 : 267) 


A flea beetle, Psylliodes chrysocephala (L.), occurred on rape at Topsail, near St. John’s, 
Nfld., the first record in North America. (C.I.P.R. 30 : 227) 


A fly, Musca autumnalis Deg., was recorded for the first time in North America at Middleton, 
N.S., where it hibernated in tremendous numbers in the walls and interior of a church. 
Heth, PAR. 307 265) 


The first North American record of the wood-infesting weevil Pentarthrum huttoni Woll. 
was published in 1952. The specimens had been taken from flooring in Quebec City, Que., in 
1934. (Coleop. Bull. 6: 51-52, 1952) 


2s 


A small, black moth, Monopis ferruginella Hbn., was found in large numbers in a dwelling 
at Vancouver, B.C., establishing the first North American record. (C.I.P.R. 30 : 283) 


The first record of the occurrence of the leafhopper Erythroneura flammigera (Geoffr.) in 
North America was published in 1952. The specimens were taken on cultivated cherry in 
Vancouver, B.C., in 1950. (C.1.P.R. 30 : 268) 


Another leafhopper, Macropsis fuscula Zett., not previously recorded in North America, 
is now known to be established on Rubus spp. in British Columbia. 


An infestation of the cucujid Oryzaephilus mercator (Fauv.) was recorded, for the first time 
in Cantda, at Ottawa, where it occurred on insect specimens in the National Collection. 
(C.1.P.R. 30: 281) 


The curculionid Apion longirostre Oliv. occurred in considerable numbers on hollyhock in 
an area near Chatham, Ont. Previous North American records were from Georgia and from 
Ohio westward to Missouri, U.S.A. (C.I.P.R. 30: 242) 


Larvae of the brown-headed ash sawfly, Tomostethus multicinctus (Roh.), were found feeding 
on an ash tree in London, Ont., the first record of this insect in Canada. (C.I.P.R. 30: 165-207) 


The plant bug Lygus nigrosignatus Ket. was reported to be abundant on cultivated mustard 
in the Coutts-Clarinda area of Alberta. It had not previously been reported in Canada. 
PCP. R: 30 : 270) 


*See The Canadian Insect Pest Review, Vol. 30, for further details. 
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The larger yellow ant, Acanihomyops (Lasius) interjectus (Mayr); was recorded, for the first 
time in Canada, at Hamilton, Ont., where it occurred in a dwelling. (C.J.P.R., 30: 143) 


The first Canadian record of the tick Argas reflexus F. was established when specimens were 
collected from a bird’s nest at Summerland, B.C. (C.I.P.R. 30: 143) 


The tomat» russet mite, Vassates destructor (Keif.), was recorded for the first time in Canada 
when it infested tomatoes in a greenhouse near Harrow, Ont. 


A pyralid, Aphomia gularis Zeli., found infesting corn flour and nuts in a warehouse and 
a bakery in Vancouver, B.C., previously had been recorded only at Montreal. Que., in 1934. 
(C.EP-R.-30 > 266) 


A tenebrionid, Cynaeus angustus Lec., previously recorded on only one occasion in Canada 
(Diana, Sask., 1944), was prevalent on cereal products in a mill at Medicine Hat, Alta. (C.I-P.R. 
30 : 283) 


The European wireworm dAgriotes obscurus (L.), not known to occur in western North 
America except on Vancouver Island, was reported from Agassiz, B.C. (C.1.P.R. 30: 269) 


GENERAL-FEEDING AND MISCELLANEOUS INSECTS 


BEET WEBWORM.—Populations of this species were, in general, very small throughout 
the Prairie Provinces and larval feeding was confined chiefly to lamb’s-quarters and russian thistle. 


BLISTER BEETLE.—A severe infestation of Epicauta oregona Horn. destroyed 13,000 tomato 
plants and damaged many others at Ashcroft, B.C., in June. Larvae of E. subglabra (Fall) and 
E. fabricii (Lec.) were found feeding on grasshopper eggs in the area of the Red River Valley 
in which grasshoppers were abundant. E. pennsylvanica (D2g.) was reported from Fredericton, 
N.B., in appreciable numbers, and normal numbers of E. murina (Lec.) were present in northern 
Nova Scotia. 


CRICKETS.—The usual autumnal invasion of gardens and homes by the field cricket occur- 
red in the Vernon, B.C., area, and a moderate, local infestation of the coulee cricket, Peranabrus 
scabricollis (Thos.), developed on range land near Vernon. In Manitoba both the field cricket 
and the Mormon cricket were generally less abundant than in 1951, and in eastern Ontario the 
field cricket was reported to be present in considerably above average numbers. 


CUTWORMS.—In British Columbia, very large numbers of the dark-sided cutworm caused 
serious damage to seedlings and transplants on the Saanich Peninsula, this being by far the 
worst outbreak of cutworms ever recorded on Vancouver Island. An infestation of Autographa 
californica (Speyer), although light, caused considerable loss of young head lettuce near Victoria. 
Cutworms were numerous in the lower Fraser Valley, where the variegated cutworm so damaged 
several fields of corn that re-seeding was necessary, and caused considerable injury to green- 
house tomatoes at Nanoose Bay; Apamea amputatrix (Fitch) [—Septis arctica (Frr.)], Agro- 
perina cogitata Sm., and Leucania farcta roseola (Sm.) all contributed to injury in sod. The 
black army cutworm was present in aSparagus plantings at Kamloops and caused severe damage 
to cereal and forage crops at Prince George. As this outbreak subsided it was succeeded by 
severe infestations of the red-backed cutworm. For the third year in succession large populations 
of cutworms were very injurious to small fruit trees in the Okanagan and Kootenay valleys. 


In Alberta, infestation was generally light and confined to localized areas. Some crop losses 
near the Acadia Valley in east-central Alberta were the only ones reported. However, an in- 
cease in infestation in suotheastern and east-central areas was forecast for 1953. 


In Saskatchewan, infestations of the pale western cutworm were greatly reduced in com- 
parison with those of 1950 and 1951, and severe damage occurred’ only in a few localized areas. 
Largest numbers occurred in the area about Rosetown, the infestation extending in a narrow 
strip from Milden through Rosetown to Stranraer. Larvae were found in about half of the 
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cropped fields but damage was observed in only a few of them. Elsewhere this cutworm was 
scarce, only vere light damage being reported from the Totnes, Elrose, White Bear, Cabri, Hazlet, 
Leader, Hanley, Girvin, Saskatoon, Floral, Dundurn, and Prud’homme districts. No infestations 
were reported in the Kamsack-Wroxton area in eastern Saskatchewan, where considerable 
damage occurred in 1951. Populations of the red-backed cutworm also were at a low ebb. Slight 
crop thinning was observed in a few fieids near Floral, Grenfell, and Kennedy. A survey in 
north-central Saskatchewan revealed larvae but no evident damage in a few fields between 
Radison and Saskatoon, and near Kinistino. Light infestations caused considerable damage in 
gardens in the Saskatoon area. Light infestations of the bertha armyworm in three flax fields 
near Nipawin in northeastern Saskatchewan were the first recorded since 1949. The wheat head 
armyworm, although present in small numbers in many areas, caused negligible damage. Euxoa 
detersa (WIk.) was scarce in the Floral area, where it had caused noticeable damage in 1951. 
Chrysoptera moneta (F.) caused some damage to de!phinium in Saskatoon. 


In Manitoba, the red-backed cutworm, along with smaller numbers of the striped cutworm, 
occurred in the greatest outbreak in at least 30 years, causing extensive damage to field crops, 
sugar beets, and gardens in all of southern Manitoba except the southwestern area. Severe in- 
festations were reported on gladioli at Arden, and on apple seedlings at Morden. The pale 
western cutworm caused some damage in three fields of wheat north of Brandon, this being 
the first record of damage by this species in the Province. The army cutworm was scarce, and 
the bertha armyworm and the armyworm were not reported. 


In Onario, mixed populations of cutworms, the variegated cutworm predominating, attacked 
sigar beets in the Chatham-Wallaceburg area, causing damage ranging from a trace to com- 
- plete «lestruction in a few fields. Some damage occurred also in tobacco, and in vegetables, 
including the fruit of tomato. In the Bradford area, severe cutworm damage occurred on all 
mucksoil crops, particularly lettuce, early in the season; the armyworm was reported in several 
districts but no damage was observed. Cutworm populations were sharply reduced in com- 
parison with those of 1951 in Hastings County, and no armyworm outbreaks were reported. 
In the Ottawa area conditions were about average but reports of injury to vegetables in back- 
yard gardens were numerous. In Quebec, species of Agrotis and Euxoa were reported to have 
been unusually destructive to seedlings and transplants, even sprouting potatoes being damaged. 
In the Fredericton area of New Brunswick, large cutworm populations caused considerable 
damage to potatoes, corn, cucumbers, and other vegetables, and the black army cutworm occurred 
in even greater numbers on late corn than on early varieties. wo reports were received of the 
armyworm attacking grain in St. John County, and at Black’s Harbour some 45 acres of oats 
were destroyed. After two years of unusually large numbers of cutworms, particularly Kuxoa 
and Feltia spp., in Nova Scotia, populations declined to nearly normal. The fall armyworm 
caused moderate damage to untreated corn, the black cutworm injured onions in Kings County, 
and moderate local infestations of the armyworm occurred at Milford, Hants County, and in 
Yarmouth County. In Prince Edward Island, no reports of damage to grain by the red-backed 
cutworm were received, and little cutworm damage was noted in gardens. Damage in New- 
foundland was above average in fields and gardens and persisted until mid-July. 


EUROPEAN EARWIG.—Populations were reduced in the lower mainland and Vancouver 
Island areas of British Columbia, but were reported to be increasing in the Okanagan and 
Kootenay valleys, where the insect was a nuisance to fruit growers. Reports of injury to peaches, 
cabbage, and corn were received from Kelowna, Nelson, and Creston. It continued to spread to 
new localities in Ontario, including Durham and Walkerton, the latter record being the first 
for Bruce County. In St. John’s, Nfld., too, continued increase and spread were reported. 


EUROPEAN MANTIS.—Populations of this beneficial insect predator reached new high 
levels in eastern Ontario, and specimens were taken for the first time in London and in Kent 
County in southwestern Ontario. 


GRASSHOPPERS.—Moderate numbers of grasshoppers, mainly the red-legged grasshopper, 
were present in the lower Fraser Valley in British Columbia but populations here and on 
Vancouver Island were greatly reduced from those of 1951. They continued to be rather 
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troublesome in the Okanagan and Kootenay valleys, mainly in stone-fruit orchards. In the 
interior of the Province, from Prince George southeast to Roosville, a further increase in num- 
mers made control measures necessary in many districts. Camnula pellucida (Scudd.) was the 
most numerous species above the 3,000 ft. level, and Melanoplus m. mexicanus (Sauss.) below 
that altitude. M. femur-rubrum (Deg.) predominated in the Okanagan and Thompson valleys, 
M. boreclis (Fieb.) in the northern Cariboo, and M. bivittatus (Say) in the Kersley-Quesnel 
area, where it attained record numbers. Major control measures were necessary in the Nicola 
zone and lesser efforts in many other areas, inciuding the Peace River district. The fungous 
disease Empusa grylli Fres. effected almost complete control in the Darfield district and was 
very effective in the Cariboo. . 


There were fewer grasshoppers in southern Alberta than in any other year of the regular 
crasshopper survey. Populations attained moderate numbers in only a few localized areas, and 
practically no damage occurred. In the infested areas, C. pellucida was present in greater numbers 
than in the preceding few years, during which it had been very scarce. M. bivittatus was second 
in importance. The decrease in numbers was attributed to unseasonable weather in 1951. In 
northern: Alberta, grasshoppers were sufficiently numberous in the Peace River district to require 
control measures. The fall egg survey indicated for 1953 the lowest infestation in 20 years. 
The only infestations forecast were for small areas about Foremost and near Drumheller, and 
these were expected to be light. 


In Stskatchewan, the usual pest species of grasshoppers, M. m. mexicanus, C. pellucida, and 
M. bivittatus, continued at a very low ebb and required no control measures anywhere, even 
on the Regina Plains, where a light infestation had been forecast. Favourable spring weather 
permitted C. pellucida to develop earlier than other species and to deposit a full quota of eggs 
in the fall, but adults were so few that the species was not expected to be of economic importance 
in 1953. M. m. mexicanus and M. bivittatus continued in the retarded status that had been 
associated with declining numbers, but the latter species may have laid enough eggs to make 
small, local gains. Small, unpredicted outbreaks of Aeropedellus clavatus (Thos.) and M. con- 
fusus Scudd. developed in a community pasture near Vera, and in a grain field in the Pike Lake 
district. Fall surveys revealed only a few, scattered areas of oviposition in southwestern Saskat- 
chewan, so small and light as to preclude the forecast of any areas of economic infestation — 
for 1953: 


] 

In Manitoba infestation was spotty and confined to the Red River Valley. Hot, dry weather 
in April resulted in early hatching and also in the desiccation of large numbers of the eggs 
of M. hivittatus. Only minor control measures were required. Fall surveys indicated the lowest 
population ebb since 1945. Infestations forecast for 1953 were limited to the Red River Valley, 
and indications were that they would be considerably reduced in intensity and area affected as 
compared with those of 1952. M. bivittatus and C. pellucida were equally abundant and M. m. 
mexicanus occurred ini sub-economic numbers. 


No grasshopper outbreaks were reported in Eastern Canada although some moderate, local 
infestations developed in the St. Maurice Valley and Portneuf County, Que., and in eastern 
Ontario, where a marked increase in numbers was noted, M. femur-rubrum being the most 
abundant species. In the latter area several species occur annually in appreciable numbers on — 
semi-waste land. 


JALFANESE BEETLE.—Trapping of this species was confined to several points in southern 
Ontario, with over 2,900 traps in operation for two months. The numbers of beetles captured 
were as follows: Windsor, 41; Fort Erie, 27; Port Burwell, 23; Hamilton, 20; Niagara Falls, 2. 
The total of 113 was 62 less than the total captured at these points in 1951. 


JUNE BEETLES.—Infestations in strawberry plantings in southwestern British Columbia 
were reported to be decreasing as a result of improved methods of control. Increased numbers 
in light soil arcas about Kamloops caused minor damage to vegetables. In Alberta white grubs 
were reported to be increasing from year to year, and, during 1952, severely damaged potatoes, 
strawberry plants, and lawns at Medicine Hat. No damage was reported in Saskatchewan but 
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in Manitoba increased injury occurred on golf fairways at Ninette and Killarney, and in straw- 
berry plantings at Lyleton and La Riviere. Phyllophaga spp., mainly in the third-year stage, 
caused little direct damage in eastern and central Ontario, although Iccal injury to strawberries 
was reported, and in the Guelph area moderate to severe damage was caused to barley and oats. 
Heavy weed growth and erosion were evident throughout eastern Ontario where sod had been 
destroyed by white grubs in 1951. A very large beetle flight is expected in this “area 
in 1953. Large beetle fiights occurred during 1952 in the Niagara Peninsula, and along the 
northwest shore of Lake Ontario, but a decline in the population of this brood was evident. 
Only minor damage was reported throughout the rest of Eastern Canada, including slight injury — 
to strawberries at Greenwich Ridge and to potatoes in the Annapolis Valley, N.S., and minor 
damage in central Newfoundland. 


NEMATODES.—The sugar-beet nematode, Heterodera schachtii Schmidt, 1871, did not spread 
appreciably in Ontario in 1952 but in the Sarnia area populations remained at a high level. 
New host plant records for this species at Sarnia included Swiss chard and horse radish. The 
oat nematode, Heterodera avenae Lind, Rostrup, and Ravn, 1913, apparently continued to spread 
and cause crop iosses of importance in central Ontario. ‘The status of the wheat nematode, 
Heterodera punctata Thorne, 1928, which had been first recorded from wheat in Saskatchewan 
and Alberta, was not known. The pea nematode, Helerodera gottingiana Lieb., 1892, was re- 
corded from British Columbia. The potato-rot nematode, Ditylenchus destructor ‘Thorne, 1945, 
was comparatively scarce in Prince Edward Island. Ditylenchus dipsaci (Kuhn, 1857) Filipjev, 
1936, was recorded from a variety of plants in British Columbia, Alberta, Ontario, and New 
Brunswick, but more than one species may be involved. Ditylenchus graminophilus (Goodey, 
1933) Filipjev, 1936, was reported to be widely distributed in Quebec and was recorded from 
Manitoba. The meadow or root-lesion nematodes, Pratylenchus pratensis (de Man, 1880) Filipjev, 
1936, caused damage to red clover at Ottawa. Other forms of this complex were collected from 
tobacco and from peach orchard soil at Harrow, Ont. A grass nematode, Anguina agrostis (Stein- 
buch, 1799) Filipjev, 1936, was recorded from Saskatchewan and Nova Scotia. Root-knot nema- 
todes, Meloidogyne spp., are common in ‘Canada, M. hapla Chitwood, 1949, probably being the 
commonest species. Aphelenchoides ritzema-bosi (Schwartz, 1911) Steiner, 1932, occurred fre- 
quently in Canadian greenhouses, and attacked chrysanthemums in a garden at Sarnia. 
A. fragariae (Ritzema Bos, 1891) Christie, 1932, was recorded from British Columbia and Ontario. 
A. parieiinus (Bastian, 1865) Steiner, 1932, is probably widespread, as is also dphelenchus avenae 
Bastian, 1865. 


PAINTED-LADY.—Larvae of this butterfly were reported to be numerous on Canada thistle 
in the Crescent district in British Columbia. Unusually large flights of adults invaded the Prairie 
Provinces from the south, and although a comparable larval population failed to develop in all 
areas, considerable feeding occurred on Canada thistle, and sunflower was slightly damaged at 
Saskatoon, Sask., and in southern Manitoba. The insect appeared also in: unusual numbers in 
parts of Eastern Canada, a severe infestation being reported for the first time from the La 
Pocatiere, Que., area, where sunflowers were extensively damaged and a second generation 
appeared in August. 


RED TURNIP BEETLE.—No economic damage was reported during the season but the 
insect was recorded at Mamette Lake, B.C., and large numbers of adults fed on Sisymbrium 
altissimum L. in the Rolling Hills, Alta., district. It was common throughout northwestern 
Saskatchewan, notably in the Primate-Kingsland area, and in Saskatchewan larvae fed on cruci- 
ferous weeds at North Battleford and adults were found in a pasture at Davidson. 


TARNISHED PLANT BUG.—This insect was considerably more numerous than usual 
throughout Eastern Canada, and in New Brunswick was rated the most numerous pest of the 
season. Sugar beets, potatoes, cucumbers, celery, lettuce, peaches, beans, clover, alfalfa, and many 
flowering plants, notably dahlia, gladiolus, chrysanthemum, aster, and zinnia, were generally 
damaged from Ontario eastward to Prince Edward Island. 


74 REPORT OF THE ENTOMOLOGICAL 


WIREWORMS.—On Vancouver Island, B.C., insecticides were used generaliy to reduce 
losses caused by the Puget Sound wireworm. On the niainland, Agriotes obscurus (L.), one of the 
most injurious European wireworms, destroyed a 14-acre field of corn and damaged fall rye near 
Agassiz in the lower Fraser Valley. This was the first recoid of this species on the mainland of 
British Columbia. 


In northern Alberta, moderate wireworm damage to potatoes and other susceptible crops was 
reported from the Peace River district. A survey in various parts of southern Alberta revealed 
damage counts ranging from a trace to 75 per cent. ‘The survey indicated also that almost all 
districts are susceptible to infestation, and that a very great wireworm potential exists. Damaged 
crops included winter wheat, barley, oats, flax, and some garden crops. Fields required reseeding 
near Lethbridge, Readymade, Champion, Granum, Claresholm, Bow Island, Warner, and Drum- 
heller. ‘The most numerous species were Ctenicera aeripennis destructor (Brown) and Hypolithus 
nocturnus Esch. 


In Saskatchewan, damage by wireworms to grain crops was slightly more severe and somewhat 
earlier than in 1951. C. aeripennis destructo: was again responsible for widespread thinning of 
cereal creps on loam, silty clay, and clay loam soils throughout central and western Saskatchewan. 
The slight increase in damage was apparently attributable to am increase in numbers, particular- 
ly of H. nocturnus, associated with high moisture conditions in 1950 and 1951. Surveys indicated 
traces to general light thinning of grain crops in the east-central, west-central, and extreme 
southern and northern parts of the agricultural area of the Prevince. Moderate thinning occurred 
mainly in the central portion of the Province. However, moderate to severe thinning of wheat 
on summer-fallow was general in the Meadow Lake, Melfort, Saskatoon, Milden, Stewart Valley- 
Saskatchewan Landing-Kyle, Kerrobert, and Hanley-Hawarden-Craik districts. Several fields 
of barley on stubble in loam soils were severely thinned in the Meadow Lake area. As usual, 
damage to garden crops, particularly potatoes, was severe throughout the prairie and adjacent 
parkland areas. Relatively little damage occurred in Manitoba, but near Dugald H. nocturnus, 
Ctenicera spp., and Limonius spp. together caused considerable damage to 25 acres of wheat and 
an adjacent field of corn. ; 


Wireworms of various species were reported throughout Eastern Canada, but, except possibly 
in Nova Scotia, no major economic damage was known to have occurred. In southwestern Ontario 
minor losses occurred, mainly in crops planted early. Damage to potatoes was considerably less 
than in 1951. In the Dresden and Highgate areas, Aeolus mellillus (Say) was scarcer than in 
1951, when it formed four to six per cent of the wireworm population. Some minor damage in — 
crops pianted 10 sod was reported from Quebec. In New Brunswick local damage was caused to 
potatoes at Lincoln. In Nova Scotia, wireworms, more numerous than in 1951, were very injurious 
to potatoes and other crops in Yarmouth, Digby, and Halifax counties. Agriotes mancus (Say), 
the chief species, was associated with dA. lineatus (L.), A. sputator (L.), and A. obscurus (L.). 
Dalopius sp. was numerous in dyked land near Port Williams, and damaged turnips at Starr’s 
Point. Ctenicera sp. was moderately abundant on dyked land near Grand Pré. In Newfoundland, 
A. lineutus was abundant on the Avalon Peninsula, causing considerable damage to potatoes. 


FIELD CROP INSECTS 


APHIDS.—The English grain aphid was present in many oat fields in southwestern British 
Columbia but was much less abundant than in 1950 and 1951 and caused little injury. The only 
reported aphid infestations on grain in Alberta occurred in the Peace River area at harvest time. 
In Saskatchewan the English grain aphid was very abundant on cereals over a large area during 
the pre-ripening period. Wheat and oats, in particular, were severely infested throughout the 
agricultural area of the Province as far north as Prince Albert and Nipawin, but no serious 
damage was reported. Fall-seeded rye was very lightly infested in the Nipawin-Carrot River area. 
For the first time in four years the greenbug was not reported. Brachycolus tritici Gill. caused 
more injury than usual on Agropyron and Agropyron-wheat hybrids at Saskatoon. In Manitoba, 
unspecified grain aphids destroyed a field of late barley at Morden, and damaged late wheat at 
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Russell and Cowan. The pea aphid occurred on alfalfa at Portage la Prairie, Man., and in 
small numbers on red clover and alfalfa at Ottawa, Ont. The clover aphid, Anuraphis bakeri 
(Cowen). apparently not reported in British Columbia since 1929, was found at various points 
throughout the lower Fraser Valley. The corn leaf aphid was reported from Ontario, Quebec, 
and Nova Scotia. but was of minor economic importance. In some irrigated areas of southern 


_ Alberta the sugar-beet root aphid damaged sugar beets, and in the Chatham area of Ontario 


threatening infestations developed during the early-season dry period, but disappeared later 
after normal rainfall. The apple grain aphid occurred commoily on wild rice late in September 


in eastern Ontario. 


ARCTUDS.—A pantesis williamsi Dodge, which destroyed several fields of spring wheat and 
fall rye at Turin, Alta., in 1951, was not noted in 1952, and for the first time in several years 
Apantesis blakei Grt. was not found in the Leader-Empress area of southwestern Saskatchewan. 
Diacrista spp. were observed in small numbers on alfalfa in northeastern Saskatchewan but no 
damage was reported. Colias eurytheme Bdvl. occurred in larger numbers than usual on alfalfa 


at Scandia and Rolling Hills, Alta., but caused little damage. This species and C. philodice 


philodice Latr. were reported to be scarce in Manitoba. 


BARLEY JOINTWORM.—Barley in north-shore areas of Prince Edward Island was severely 
damaged, infestation ranging from 90 to 100 per cent of the plants. Infestations were lighter — 
in southern areas, and none were observed west of Summerside. 


BURROWER BUGS.—There was no recurrence of Sehirus cinctus (P. de B.) in clover crops 
in the Prince George and Salmon River district of British Columbia, although a few were observed 
on decaying vegetation. When abundant the insects become mixed with the clover seed, causing 
it to be sticky and thereby greatly increasing the cost of cleaning. 


CLOVER SEED MIDGE.—This midge was abundant on first-cut red clover in Carleton and 
Renfrew counties, Ont., but damage was greatly reduced from that of 1951. 


CLOVER WEEVILS.—The sweetclover weevil was again abundant in the prairie area, notably 
in the irrigation districts of Alberta, in northeastern Saskatchewan, and in southern Manitoba. 
In general, clover outgrew early injury but in the Morden and Portage la Prairie areas of 
Manitoba considerable damage was caused to first-year crops that had been seeded alongside old 
clover fields. In southwestern Ontario, where precipitation was low, adults severely damaged 
seedling clover, and larvae caused extensive root damage to year-old plants. These crops were 
severely injured also at Renfrew, Ont. Sitona lineata (L.) was injurious to clover in pastures at 
Hillbank, B.C., and was of minor importance on peas. Sitona tibialis (Hbst.), although pre- 
valent in northeastern Saskatchewan, caused little damage. Tychius picirostris (F.) was found 
on alsike clover as far north as the Salmon River Valley, B.C. In the Ottawa, Ont., area, Sitona 
hispidula (F.) was numerous on red clover, and Tychius stephensi Sch6nh. occurred on red 
clover but damage was not serious. Hypera nigrirostris (F.) occurred on red, alsike, and ladino 
clovers in this area, causing some damage to first-cut red clover, and in Newfoundland this 
Species was recorded for the first time on red clover, the yield being significantly reduced. 


CORN BORERS.—The European corn borer was recorded in only one garden in Saskatchewan. 
An infestation on corn at Morden, Man., was reported to be the lightest since the introduction 
of the pest into the Province in 1949, and no commercial damage occurred. In southwestern 
Ontario, with minor exceptions, infestation was very light, second-generation larvae being more 
numerous than those of the first generation. Stalk infestation was about 50 per cent in the 
Bradford, Ont., area but ear infestation was low. At Ottawa and elsewhere in eastern Ontario 
damage to sweet and fodder corns was the greatest in several years. Average infestation for the 
Province of Quebec was reported to be nine per cent, but at St. Jean, where populations showed 
an increase for the second successive year, damage was much greater, a local canning factory re- 
porting 25 per cent cob infestation. In New Brunswick damage was generai and was reported 
to be considerable in the Grand Lake district and the St. John River Valley. Contrary to normal, 
cobs were more severely infested than stalks at Fredericton, probably because of drought condi- 
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tions. Throughout Nova Scotia, too, corn was severely attacked. A western corn borer, Helo- 


tropha reniformis (Grt.), was recorded from corn at Dauphin, Man., and the stalk borer, Papai- 


pema nebris (Guen.), was found in young corn at Winnipeg, Man. 


CORN EARWORM.—AII provinces in Western Canada reported no damage, and occurence 
records were received only from Taber and Medicine Hat, Alta., and one locality in southwestern 


Saskatchewan. Infestation of corn was light in southwestern Ontario but in central areas of the 


Province the insect was generally more abundant than for several years; all fields of canning 


corn were infested and in one case one-third of the cobs were attacked. Little damage was re- 
ported in Quebec but, excepting Prince Edward Island, infestation was generally severe on late — 


corn throughout the Maritime area. 


FLEA BEETLES.—Adults of the red-headed flea beetle damaged the leaves and florets of red 


clover in the Ottawa, Onit., area, and the first recorded occurrence of the cruciferous flea beetle 
Psylliodes chrysocephala (L.) in North America was made at Topsail, Nfld., where it occurred 
on rape. 


HESSIAN FLY.—Light damage by the species occurred on winter wheat in the Armstrong 
area of British Columbia, and no damage was reported in the Prairie Provinces. Only trace in- 


festation was recorded in southwestern Ojiitario, where a severe outbreak had occurred in 1951; 


heavy pavasitism and unfavourable weather were believed to have reduced the population. 


LEGUME-POLLINATING INSECTS.—Weather conditions in Saskatchewan were more 
favourable for pollinator activity than during the years 1949 to 1951. Bombus terricola Kby. and 
B. ternarius Say were the chief bumble-bee pollinators of alfalfa, although several other species 


of Bombus were observed in alfalfa fields. Megachile spp. appeared to be less abundant than 


in 1951. In Manitoba the principal pollinators of this genus were practically eliminated by land 
clearing in south2astern areas; alsewhere populations fluctuated according to agricultural 
practices, large numbers occurring in some isolated areas. Bombus spp. were somewhat less 
abundant than in 1951 in alfalfa and sweet clover in Manitoba, but in eastern Ontario popula- 
tions on red clover were much larger than in 1951 and seed set was excellent. 


LEAFHOPPERS.—Several species of leafhoppers, including the clover leafhopper and Agal- 
liopsis novella (Say), were observed in alfalfa fields in northeastern Saskatchewan but no damage 
was noted. A severe infestation of the six-spotted leafhopper occurred in a field of grain near 
Prince Albert, Sask. Populations of this species were small on clovers in eastern Ontario, but 
were larger than in 1951. The potato leafhopper caused severe yellowing of alfalfa in this area 
and occurred also on red clover. 


MITES.—The so-called blue cat mite, Penthaleus major (Dugeés), caused appreciable damage 
to orchard grass and red clover in two fields at Courtenay, B.C., and in the Okanagan and 
Kootenay valleys the clover mite was a pest of economic proportions in many fruit orchards. 
The two-spotted mite was numerous on red clover in eastern Ontario in September but caused 
little damage. 


PLANT BUGS.—Population counts made in alfalfa fields in the Scandia, Rolling Hills, 
Irvine, and Wild Horse districts of Alberta revealed no infestations of Lygus spp. extensive enough 
to be of economic importance. In northern Saskatchewan, however, they were the most common 
of the injurious insects in alfalfa fields. In Manitoba the tarnished and alfalfa plant bugs occurred 
in about equal numbers in the southeastern corner of the Province, but at Wanless the former 
species predominated. In eastern Ontario the tarnished plant bug was much more abundant than 


in 195i, and was present in all clover and alfalfa fields examined. ddelphocoris rapidus (Say) 


was of little importance on alfalfa in Saskatchewan and Manitoba. A. lineolatus (Goeze) was 


believed to have caused considerable bud blasting at Hudson Bay, Sask., the first record of 


oconomic damage by the species in the Province. Elsewhere in Saskatchewan and in Manitoba 


it was scarce. In Ontano it was very numerous on alfalfa early in the season in Renfrew County. — 


A. superbus (Uhl.) was present in all alfalfa seed fields examined in Alberta, populations varying 
according to cultural practices. In northeastern Saskatchewan Plagiognathus obscurus, probably 
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var. fraternus Uhl., occurred on alfalfa in varying numbers, ranging up to 25 per net sweep in 
the White Fox district, and Chlamydatus sp. was observed in smail numbers, neither species 
causing any apparent damage. Capsus simulans (Stal) and Irbesia arcuata Van D. were taken for 
the first time in the Lethbridge area of Alberta, where they damaged a plot of Agropyron 
intermedium. 


SAY STINK BUG.—Populations in southern Alberta were at the lowest level since the 
appearance of the bug in 1934, and it was not reported on wheat in Saskatchewan. 


SOD WEBWORMS.—In southwestern British Columbia, several species of the genus Crambus 
caused economic damage in several fields of sod and in at least one corn field. 


SPITTLEBUGS.—Populations were unusually large on red clover, alfalfa, and other crops 
in southwestern Ontario, the meadow spittlebug predominating. Spittlebugs were common in 
eastern Ontario and Quebec but damage was negligible. 


SUNFLOWER INSECTS.—In Manitoba, no specimens of the sunflower moth were observed. 
Phalonia hospes W\shm. was less abundant than in 1951, apparently because of parasitism, which 
amounted to some 65 per cent. Damage amounted to two per cent as compared with 6.5 per 
cent in 1951. The suflower beetle occurred in outbreak numbers, severely damaging commercial 
crops in the Altona area for the first time; some crops were ploughed, under. The percentage of 
plants infested by the sunflower maggot dropped from a high of 96.4 in 1951 to 69.7, and, in 
addition, there were fewer larvae per plant. Oviposition by the painted-lady was heavy but 
damaging larval populations failed to develop. Excessive cultivation had almost eliminated 
Melissodes spp., effective native pollinators of sunflower, by 1952. No specimens of Eucosma spp. 
were observed. Oedicarena diffusa Snow. occurred generally in greater numbers than in recent 
years but its economic importance is not known. 


TOBACCO INSECTS.—A limited infestation of the tobacco budworm occurred on burley 
tobacco near Chatham, Ont., in July, an unusually early appearance. Infestations of the green 
peach aphid, although general in southwestern Ontario, were the lightest in several years and 
caused little damage. Injury by the tomato hornworm was generally light to moderate. The 
first recorded infestation of the tobacco hornworm in Canada caused extensive late-season 
damage to flue-cured tobacco in the Leamington, Ont., area. Previously, only occasional speci 
mens had been reported. 


WHEAT STEM MAGGOT.—More abundant than for several years in Saskatchewan and 
_Manitoba, this insect caused marginal damage ranging up to 10 per cent “white heads” in 
several fields in the Lake Alma, Weyburn, Radville, Ceylon, Estevan, and Regina districts of 
southeastern Saskatchewan; infestations were reported also at Davidson, Simpson, Delisle, Hanley, 
Langham, and Saskatoon in central Saskatchewan. It was the subject of many inquiries in 
Manitoba, and at Melita counts indicated infestations of 2 to 4 per cent. 


WHEAT STEM SAWFLY.—In Alberta, wheat varieties susceptible to the sawfly were very 
severely cut (40 to 100 per cent) in the Carmangay-Barons-Nobleford areas, and severely cut 
(25 to 39 per cent) in the areas of Vulcan-Lomond-Champion-Enchant-Monarch, Lethbridge- 
Stirling, Legend, Nemiscam, and Warner. Moderate cutting (6 to 24 per cent) occurred in the 
area bounded by a line through Hilda, Cereal, Consort, Castor, Wainwright, and the Saskat- 
chewan-Alberta border, as well as in the area within a line from the International Border 
through Pakowski, Medicine Hat, Bow Island, Retlaw, Alderson, Milo, Stavely, Fort Macleod, 
Magrath, and Coutts. In Saskatchewan, there was a reduction in the Sawfly infestation as 
— compated with 1951, and also a general lessening of the losses because of the over-all heavy crop 
stand, which permitted a high recovery of cut stems at harvest. The infested area remained sub- 
“Stantially as in 1951 but there was a considerable reduction in the extent of the very severe (40 to 
100 per cent) category in the area south from Moose Jaw and Regina, and in the extent of the 
moderate (6 to 24 per cent) category in parts of central, west-central, and southwestern Saskat- 


78 REPORT OF THE ENTOMOLOGICAL 


chewan. In Manitoba infestation continued to be very light. The European wheat stem sawfly 
occurred on winter wheat in southwestern Ontario in the most severe infestation on record; up 
to 24 per cent cutting of stems was observed near Stratford. 


VEGETABLE INSECTS 


APHIDS.—The cabbage aphid was prevalent for the third successive year on Vancouver Island, 
B.C. Infestation was moderate on cruciferous vegetables in southwestern and central Ontario, 


ire 


but 20 acres of late cauliflower were severely infested in Essex County, and a few fields of turnips 


were extensively damaged. Little damage occurred in eastern Ontario and Newfoundland. Large 
populations were reported near Montreal, Que. Aphids on potato, notably Macrosibhum 
solanifolii (Ashm.), were scarce in Manitoba, unreported in Ontario, and more abundant than 
usua] in many areas of Quebec. In the Gulf of St. Lawrence area, populations were phenomen- 
ally small in New Brunswick, very small in Newfoundland, and small on late-planted crops in 
Prince Edward Island although earlier crops were infested considerably. Myzus persicae (Sulz.) 
caused almost complete loss of radish throughout the season in a market gardem at Regina, Sask. 
The pea aphid was abundant on all leguminous forage crops in southwestern Ontario; little 
damage occurred on canning peas in Kent County but control measures were necessary in Essex 
County. In Nova Scotia, too, this crop was infested considerably. Severe infestations of the 
melon aphid occurred on all vine crops in extreme southwestern Ontario, muskmelon and squash 


being totally destroyed in some areas. ‘Turnips at Craven, Sask., were severely damaged by the 


corn root aphid. 


ASPARAGUS BEETLES.—The most severe infestation of Crioceris asparagi (L.) in 16 years 
combined with adverse growing conditions to reduce the asparagus yield to two-thirds of normal 
in many areas of Essex and Kent counties, Ont. By comparison, C. duodecimpunctata (L.) 
occurred in very small numbers. Both species were present at Bradford, Ont., but damage was 
light. C. asparagi was reported as being moderately injurious in the Montreal and Quebec City 
areas of Quebec, and at Fredericton, N.B. Neither species was abserved at Kentville or 
diruro, -N.S: 


CABBAGEWORMS.—The imported cabbageworm was somewhat more abundant than usual 
in southwestern British Columbia, and prevalent in southern areas of the Prairie Provinces where 


not controlled. Damage was more severe than in 1951 at Saskatoon, Sask., and in northwestern | 


areas of the Province 60 to 70 per cent of cole crops suffered moderate defoliation. Early infesta- 
tion was somewhat less tham in 1951 in southwestern Ontario, but elsewhere in the Province was 
greater than usual, resulting in an increase in early crop damage and a rapid build-up in 
populations generally. In study plots at Ottawa this species comprised 83 per cent of the total 
cabbageworm population from May 23 to July 24. Severe over-all damage was reported also from 
Quebec. In the Gulf of St. Lawrence area, moderate numbers were reported from New 
Brunswick, normal populations in Nova Scotia, and above average numbers in Prince Edward 
Island and Newfoundland, turnips being severely damaged in the former province and late 
cruciferous crops in both. Adults of Pieris occidentalis Reak. occurred commonly with those 
of P. rapae (L.) during spring flights in Manitoba. The cabbage looper was scarce in Manitoba 
but populations were larger than usual in southwestern Ontario, where they exceeded those of 
P. rapae toward the end of the season, and in the Harrow area caused considerable defoliation 


of canning tomatoes. At Ottawa the looper composed one per cent of the cabbageworm popula- 
tion between May 23 and July 24. No extensive damage was reported from the Maritime 
Provinces. The diamondback moth was present in moderate numbers in the lower Fraser Valley, — 
B.C., where it had not been observed for 15 years. It did not occur in economic numbers in the — 


Prairie Provinces, and at Ottawa, Ont., it comprised 16 per cent of the cabbageworm population 
between May 23 and July 24. Some late-season damage was reported from Newfoundland, where 
Evergestis pallidata (Hufn.) also occurred in sufficient numbers to cause some damage to turnips. 


The salt-marsh caterpillar, not previously observed on late cabbage in Newfoundland, caused 


negligible damage to this crop. 
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CARROT RUST FLY.—In British Columbia injury was comparatively light in the lowei 
Fraser Valley, and somewhat less severe than usual in the Okanagan Valley north from Kelowna 
and in the Nelson area. Late infestations caused considerable damage on Vancouver Island and 
severe damage occurred at Armstrong. In Cntario little injury occurred on early carrots but later 
crops were severely attacked, notably in the Bradford area, where damage was the most severe 
on record, records having been kept since 1947. At Burlington and London celery, too, was 
injured. Crops in eastern Ontario were less severely attacked. Moderate to severe injury was 
reported in Quebec. In the Gulf of St. Lawrence area, reduced populations and damage were 
reported in Nova Scotia tnd Prince Edward Island. Carrots and parsnips were extensively 
attacked in York and Sunbury counties in New Brunswick, and the insect continued to be 
a serious pest in Newfoundland. 


COLORADO POTATO BEETLE.—Adults were abundant on untreated potatces early in 
August at Cranbrook, B. C. Parasitism by Doryphorophaga doryphorae (Riley) averaged over 
50 per cent in early August in the East and West Kootenays. In Saskatchewan the insect was 
virtually absent for the second successive year, and at Brandon, Man., overwintering adults were 
so scarce that little control was practised, resulting in a considerable number of first-generation 
adults in August. Populations in Ontario have been increasing, probably partly a result of 
inadequate control, and in 1952 were very injurious in many areas. The numbers observed on 
wild nightshade indicate this plant to be an important carrier host. Conditions in Quebec were 
comparable to those in Ontario. The insect was normally abundant in Nova Scotia but was not 
found on untreated potatoes at Chebogue Point, Yarmouth County. Populations were larger than 
‘in 1951 in Prince Edward Island. 


BEETLES ON CUCUMBER.—AII species were much more numerous than in 1950 and 1951 
in southwestern Ontario, and damage was severe, particularly in kitchen gardens. In the Ottawa 
area very little damage has occurred in recent years, and the beetles were almost absent in 1952. 
Some injury was reported in Prince Edward County and at Bradford, Ont. Damage by the 
striped cucumber beetle ranged from very light to moderate in Quebec, was reported as 20 to 
40 per cent in York and Sunbury counties, N.B., and was more numerous than in 1951 in 
Kings County, N.S. The spotted cucumber beetle predominated at Chatham, Ont., during the 
fall. Diabrotica longicornis (Say), not observed at Chatham in 1950 and 1951, occurred in 
approximately equal numbers with other beetles on cucumber in late-season infestations. 


FLEA BEETLES.—The potato flea beetle was not reported in Saskatchewan, and in Manitoba 
Was scarce in the Brandon area, abundant in the Swan River Valley, and moderate at Douphin. 
It was generally reported as being present throughout the season and causing light to moderate 
injury in all of Eastern Canada. Early tomatoes and potatoes were the main plants attacked 
but ege plant, peppers, and cucumbers also were affected. Populations showed some increase in 
Neva Scotia and Prince Edward Island. The western potato flea beetle was very abundant in 
the Soda Creek, B.C., area, causing severe defoliation and some tuber damage. Control measures 
appeared to have reduced populations of the tuber flea beetle in southwestern British Columbia, 
but in the Okanagan, Thompson, and Nicola valleys potatoes were severely damaged. Phyllotreta 
spp. caused considerable damage to sugar bets. P. aerea Allard was common at Chatham, Ont. 
P. striolata (F.) was present in Manitoba, and numerous on turnips in New Brunswick and 
Newfoundland. 


J]. EAFHOPPERS.—The potato leafhopper was generally reported from Manitoba eastward 
but re serious damage was noted. Rather large populations were present in south-central and 
eastern Ontario, and in Prince Edward Island. A species of Empoasca encountered annually in 
_ British Columbia cccurred in considerable numbers on carrots at Grand Forks and on potatoes 
at Soda Creek. The six spotted leafhopper occurred in normal numbers on potatoes and caused 
some yellows in asters and carrots in Manitoba. Heavy infestations of Macrosteles sp. caused little 
apparent damage to lettuce at Erieau, Ont. 


MAGGOTS IN ONIONS.—The onion maggot was present in large numbers in British 
Columbia and Alberta, over 50 per cent infestation occurring in commercial plantings at 
Medicine Hat. In Saskatchewan a survey revealed the pest to be present in practically all 
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gardens, damage ranging from 40 to 100 per cent. In Manitoba the second generation caused the © 
following percentages of damage in the areas indicated: Winnipeg, 10 to 16; Portage la Prairie, 
15; Brandon 45. Injury was well above average in southwestern and central Ontario, reaching 
25 per cent in some Holland Marsh crops. Fifteen to 20 per cent damage occurred in muck land 
near Montreal and Ste. Clothilde, Que., and up to 30 per cent in sandy loam. Maggot attacks 
were severe at Sussex, N.B., moderate at Charlottetown, P.E.L., and of minor economic import- 
ance in Nova Scotia. Large numbers of larvae of Paragopsis strigatus (Fall.) were associated with — 
the onion maggot in British Columbia, probably as a secondary pest. 


MEXICAN BEAN BEETLE.—Moderate infestations occurred on red kidney beans in the 
Thedford, Ont., arez; local infestations were reported from Aylmer, St. Hilaire, St. Antoine 
Abbé, and St. Jean Chrysostome, Que.; and an attack was recorded at Milltown, N.B. 


MITES.—Considerable mite damage, probbaly caused by the two-spotted mite, occurred on 
potatoes near Kamloops, B.C., and a severe infestation occurred on strawberries in the Magna 
Bay. B.C., district. For the first time on record in Canada, russetting and defoliation of tomato 
plants was caused by the tomato russet mite, Vasates destructor (Keif.), in southwestern Ontario; 
all infestations were associated with plants imported from the State of Georgia, U.S.A. _ 


ONION THRIPS.—Large populations of thrips caused commercial damage to onions where 
contre] measures were not applied in southwestern and south-central Ontario. 


PEA MOTH.—Numbers were small in the Fraser Valley, B.C., where most peas are harvested 
ereen. General abundance was reported in Kings County, N.S., and in home gardens in Prince 
Edward Island. 


POTATO STEM BORER—This borer caused light damage to corn and potatoes in Kings 
and Colchester counties, N.S., and was found in a few gardens in Newfoundland. 


\ 

ROOT MAGGOTS ON CRUCIFERS.—Root maggots, chiefly the cabbage maggot, weres 
normally abundant where not controlled in southwestern British Columbia, but inquiries were 
few in the Kamloops, B.C., area. In Alberta, cabbages were only slightly affected, and turnips 
in the Lethbridge irrigation area were not severely attacked. The cabbage maggot continued — 
to be the major pest of crucifers in southwestern Ontario, and in the Bradford, Ont., area caused 
up te 75 per cent damage to cabbage and cauliflower, and complete loss in some turnip fields, 
where not controlled. In the Cttawa, Ont., area, more eggs were laid per cabbage plant than 
in any other year since records were begun in 1946, except 1951, when almost twice as many 
were laid as in 1952. Damage generally was less severe than in 1951 and remarkably light on 
swede turnips. No reduction in damage was reported in Quebec, extensive losses being reported 
in all agricultural areas. Root maggot populations were unusually large in New Brunswick and 
Nova Scotia in the early part of the season, but damage to late crops, notably turnips, was much 
lighter than usual throughout most of the Maritime area. The turnip maggot, Hylemya floralis 
(Fall.) [=H. crucifera Huck.], was very scarce until late in the season at Kamloops, B.C. 
Surveys in Saskatchewan revealed moderate infestations on cruciferous vegetables in dry-land 
gardens throughout southern areas. Northward from Saskatoon infestation increased as moisture 
conditions improved. At Loon Lake in the west and Duck Lake in central Saskatchewan all 
cole crops were moderately infested, and at outpost settlements in north-central and north- 
eastern areas they were severely infested, 10 to 30 per cent of nearly mature plants being killed. 
Market gardens in nearly all urban centres suffered 80 to 100 per cent infestation of cole crops. 
Infestation was general also in Manitoba, with large populations present about Brandon. 
Numbers in New Brunswick were limited by drought conditions in July, and reduced popula- 
tions were reported from Newfoundland. Hylemya planipalpis (Stein.) was common on radish 
throughout Saskatchewan, and infested up to 50 per cent of radish and turnips in some gardens 
at Brandon, Man. 


SEED-CORN MAGGOT.—Scarcely any damage occurred on beans in southwestern Ontario, 
where infestation was the lightest ever recorded. In Quebec and New Brunswick, too, infestation 
was less than usual, although early-season injury was appreciable in some areas. Beans were 
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severely injured in many parts of Nova Scotia, and in Prince Edward Island beans and cucumbers 
grown commercially were severely attacked, necessitating some replanting. In Newfoundland 
populations were somewhat smaller than in 1950 and 1951. 


SLUGS.—Damage by slugs was more noticeable than usual in Kamloops and Vernon gardens 
in both 1951 and 1952. Throughout the Prairie Provinces favourable moisture conditions resulted 
in an abundance of slugs well through the summer. Populations have been large at Winnipeg, 
Man., since the floods of 1950. Dry weathter hindered development in southern Ontario but in 
eastern areas and in Quebec normal numbers appeared. In much cf the Gulf of St. Lawrence 
area wet weather promoted large populations and above average damage to vegetables, especially 
during June. 


SPINACH LEAF MINER.—An occurrence at Wilkie, Sask., was reported, and at Regina 20 
to 25 per cent of the leaves of spinach and beets were infested in a truck garden. Some damage 
eccurred on canning spinach in Manitoba, and in southwestern Ontario greatly reduced numbers 
caused negligible losses. 


SPRINGTAILS.—Beans were severely damaged in the Lethbridge, Alta., area, and peas and 
leans were affected at Regina and Meacham, Sask. Large numbers occurred in potato fields at 
St. Arne de la Pocatiere, Que., and in the Waterford Valley area of Newfoundland, causing 
negligible damage. 


SQUASH BUG.—Widespread, light infestations of this species occurred in Ontario, causing 
tittle damage. 


SQUASH VINE BORER.—As usual, in southwestern Ontario, heaviest infestations of this 
species occurred in home gardens but commercial plantings of Hubbard squash and Boston 
marrow also were extensively damaged. 


-A STINK BUG.—Several fields of canning tomatoes were injured by Euschistus euschistoides 
Voll. in Prince Edward County, Ont. 


TOMATO HORNWORM.—A single larva taken on tomato in a garden at Carnduff, Sask., 
constituted the first record of this species for the Province. Greatly reduced numbers in Ontario 
and Quebec caused negligible damage to tobacco and tomato in 1952. 


MISCELLANEOUS.—Economic infestations of the black swallowtail cccurred on carrots in 
the Springhill and Kentville districts of Nova Scotia. A severe infestation of the garden centipede 
ruinea seedlings and transplants in a garden at Victoria, B.C. An unusual outbreak of the 
greenhouse leaf tier in a half-acre field of head lettuce rendered 50 to 60 per cent of the heads 
unmarketable in the Erie marsh area, Ont. A further increase of Lygus campestris (L.) was noted 
on carrot seed crops at Grand Forks, B.C., but populations were still small as compared with 
those of 1947 and 1948. The spinach carrion beetle severely defoliated sugar beets in Alberta 
but the plants outgrew the damage. The zebra caterpillar caused considerable damage to sugar 
beets at St. Hyacinthe, Que. 


FRUIT INSECTS 


APHIDS.—In British Columbia, Aphis pomi Deg. was not as abundant on apples as in 1951, 
but control measures were necessary in some areas. In Ontario moderate infestations were 
general, requiring control in eastern districts. The insect, although common, was a minor pest 
in Quebec and New Brunswick. In Nova Scotia both A. pomi and Anuraphis 10seus Baker were 
unusually abundant but damage to the apple crop was comparatively light, predators being very 
effective in most orchards. A. roseus was not reported to be important other than in Nova Scotia. 
The apple grain aphid was present in moderate numbers early in the spring in this province. 
The woolly apple aphid was more troublesome than for several years in British Columbia; it 
increased slightly in numbers in Essex County. Ont., and remained comparatively scarce in Nova 
Scctia. The black cherry aphid was less troublesome than in previous years in British Columbia 
and was scarce in Ontario. Extensive populations of the black peach aphid were noted on peach 
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in Essex County, Ont., during October and early November; most severe infestations occurred 
on nursery stock and young trees. The green peach aphid was present in limited numbers in 
western areas of New Brunswick. The currant aphid was a general pest on currants throughout 
the Prairie Provinces. The mealy plum aphid was a serious problem on plum in coastal areas 
of British Columbia, and occurred in small numbers on apricot and prune in the Okanagan and 
Kootenay valleys. Aphids, on strawberry, Capitophorus sp. and Myzus porosus Sanderson, were 
very scarce in New Brunswick. 


APPLE AND PEAR PSYLLIDS.—The pear psylla was less troubiesome than usual in the 
Okanagan and Kootenay valleys, B.C. Damage was generally light in Cntario, excepting in a few 
orchards in Essex and Norfolk ccunties. Little change in status was noted in Nova Scotia, but 
considerable injury occurred on pears in orchards where control measures had not been applied 
for several years. In this province, too, the apple sucker was present in small numbers in some 
orchards. 


APPLE AND THORN SKELETONIZER.—This insect continued to be the most serious pest 
ol unsprayed apple and ornamental hawthorn in the Victoria, B.C., district. 


APPLE (AND BLUEBERRY) MAGGOT.—Hawthorn was infested by this species at Morden, 
Altamont, and Mariapolis, Man., but samples collected at various other points in the Province 
and in Saskatchewan were not infested. A general increase in numbers was indicated in Ontario, 
and in parts of Quebec, notably the St. Jean district. Populations appeared to Lave increased 
slightly in some New Brunswick orchards, and in Nova Scotia commercial orchards infestation 
was very limited. Large populations of the maggot were gencrally present on unsprayed apple 
and hawthorn throughout apple-growing districts of Eastern Canada. This insect was again 
prevalent in commercial blueberry areas in Charlotte County, N.B., and in other areas, notably 
along the northeastern shore. Light infestations were reported in the blueberry areas of Prince 
Edward Island, and in Newfoundland the crop was comparatively free of infestation except in 
a few localities, notably the Carbonear, Grate’s Cove, and Western Bay areas. 


APPLE MEALYBUG.—Smal!l populations were present in many orchards in the St. John 
River Valley, N.B., and in some Nova Scotia orchards, but no economic damage was reported. 


APPLE SEED CHALCID.—Infestation was high on unsprayed crab-apple trees at Morden, 
Manitoba 


BLUEBERRY CUTWORMS.—The black army cutworm, which has been decreasing since 
1944 in New Brunswick, increased considerably on blueberry in the Pennfield area. Populations 
of other cutworms showed little change. Five species not previously taket on blueberry were 
recorded in 1952: these included Eurozs a@stricta, Morr., Graphiphora c-nigrum (L.), Lacinipolia 
lorea Gn., L. lustralis Grt., and Syngrapha octoscripta Grt. 

CHERRY FRUIT FLIES.—Rhagoletis cingulata (Loew), which infests both sweet and sour 
cherries, continued to inflict severe losses on Vancouver Island, some crops being unmarketable. 
Normal numbers were reported in Prince Edward Island, mainly at Summerside and Montague. 
Rhegoletis fausta (O.S.), which infests only sour cherries, was of minor importance on Vancouver 
Island, and had not spread in the Okanagan Valley, B.C., where it was apparently limited to 
a single orchard near Westbank. In Manitoba an infestation occurred on pin cherry at Morden. 


CHERRY FRUITWORM.—Some increase was indicated on Vancouver Island, B.C., losses 
yeing experienced by several growers of sour cherries in the Keating area. On the mainland, 
infestation was limited to the East Kelowna, B.C., area, where little damage occurred in sprayed 
erchards; unsprayed crops, however, were severely infested. 


Chlamisus fragariae Brown.—This new strawberry pest again caused severe damage in several 
plantations of the Senator Dunlap variety in the Belleisle, N.B., area; both larvae and adults fed 
voraciously on the foliage. The insect was found also in the Washademoak and Jemseg areas. 
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CODLING MOTH.—Damage in the Okanagan and Kootenay, B.C., valleys was somewhat 
less than in 1951, when it was the greatest since the introduction of DDT in 1947. Favoured 
by weather conditions, iacrease occurred throughout Ontario, injury ‘o apple being the greatest 
in several years; infestation on pear was gencrally light. The insect was reported to be a minor 
pest in Quebec. The population was somewhat reduced in the Gagetown, N.B., area, but in 
the Annapolis Valley, N.S., damage to apples was general and almost as severe as in 1951. 


CRANBERRY FRUITWORM.—This insect continued to be the major pest of cranberries 
in New Brunswick. A plantation at Lower Escuminac was so severely infested that the owner 
did not attempt control; in 1951 he had dumped his crop into the sea. Infestations of 12 to 15 
per cent were recorded in check areas of a demonstration bog at Grand Lake. 


CURCULIONIDS.—The apple curculio, although a minor pest in Quebec, showed some 
signs of a population build-up in the St. Jean area. The plum curculio occurred in moderate 
numbers on plums at Morden, Man. In Ontario, infestation was heavier than usual on peach, 
plum, apricot, cherry, and apple. Although net ordinarily a serious pest of apple, it was 
particularly injurious in some orchards in Essex County and eastern Ontario. Severe losses 
occurred in neglected orchards in Quebec, but control measures were effective in commercial] 
orchards. The strawberry weevil, generally distributed in Eastern Canada, was nowhere a serious 
pest in 1952. Light infestations were reported from Morden, Man., and light to moderate damage 
in the Quebec City, Montreal, and Bellechasse County districts of Quebec. In New Brunswick 
the weevil was unusually scarce in plantations in the Grand Lake, Washademoak, and Belleisle 
districts. Little fruit injury occurred in Nova Scotia and Prince Edward {sland, probably be- 
cause of successive treatments with DDT in recent years. The black vine weevil and the straw- 
berry root weevil were, as usual, the major insect pests of strawberries in coastal areas of British 
Columbia. The black vine weevil appeared in outbreak numbers and destreyed some plantings 
in the Keating area on Vancouver Island. It appeared to be a more serious pest where sawdust © 
was used as a mulch, and was not controlled with poisoned bait so readily as the strawberry root 
weevil. At Kamloops, B.C., large populations of undertermined root weevil larvae caused 
considerable damage in at least two fields of strawberries. The strawberry root weevil appeared 
to be increasing as a pest of strawberries in Manitoba, notably at Portage la Prairie and Morden. 
It was abundant in areas adjoining Lake Erie in Ontario and caused minor damage to strawberry 
plants in Prince Edward Island. 


CURRANT BORER.—A light infestation occurred at Morden, Man.; and at St. Stephen, N.B., 
considerable damage was done in small gardens. 


CURRANT FRUIT FLY.—Infestation was general in Saskatchewan and Manitoba, 70 to 
100 per cent of black, white, and red currants being damaged in northeastern Saskatchewan 
where no insecticides were applied. 


EUROPEAN APPLE SAWFLY.—This sawfly was of major importance to apple growers in 
the lower Vancouver Island area. Effective control measures have prevented any appreciable 
spread from the area in which it was observed for the first time in North America in 1940. 


EUROPEAN WINTER MOTH.—This recently introduced species was present in moderate 
to serve infestations along the south shore of Nova Scotia, feeding extensively on apple foliage 
where not controlled. 


EYE-SPOTTED BUD MOTH.—This orchard pest was not so serious a problem as in 1951 
in the Okanagan and Kootenay, B.C., valleys, but many growers found it necessary to spray for 
it. Control measures were generally employed also throughout Eastern Canada, where the insect 
persisted in varying numbers. Infestation was moderate in eastern Ontario and light elsewhere 
in the Province. Threatening populations existed in all apple-growing areas of Quebec. Little 
change in status was noted in the Springhill and Keswick areas of New Brunswick. A survey in 
the Annapolis Valley, N.S., indicated a definite decrease in numbers as compared with 1951, 
but populations in some orchards had increased and damage remained comparatively heavy. 
Large populations and serious damage were reported also from Prince Edward Island. 
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FRUIT TREE BORERS.—The lesser peach tree borer continued to cause serious injury in - 
many peach orchards in Essex County, Ont., but was less prevalent in the Niagara Peninsula. 
Conditions favourable for an increase of peach canker apparently were mainly responsible for 
increased populations of the borer. The peach tree borer was, as in 1951, of minor importance 
in British Columbia, and in Ontario the usual number of infestations required control measures. 
The peach twig borer caused much less damage than in 1951 in British Columbia, possibly 
because of post-blossom DDT sprays. The roundheaded apple tree borer continued to be a major 
threat te young apple trees in Quebec, and was common in young orchards in Charlotte County, 
N.B. Several cases of severe attacks on peach trees by adults of the shot-hole borer were reported 
in Norfelk County, Ont. This borer was present also on dead and dying apple trees in the 
Vineland, Ont., area, but appeared to be outnumbered by the larger shot-hole borer. 


FRUiITWORMS.—Severe infestations of the fall cankerworm occurred on fruit trees in the 
Morden and Winnipeg areas in Manitoba, and it was again present in cutbreak numbers in 
parts of Hants County, and in increased numbers in parts of Kings County, N.S. The spring 
cankerworm decreased to minor importance at St. Jean, Que., after local outbreaks in 1951. 
A moderate increase in cankerworm populations was apparent where control measures were 
inadequate in Ontario. Green fruitworms, Graptolitha, spp., maintained the major status 
reached in 1951 in the St. Jean, Que., area. An increase in injury to apples occurred in Nova 
Scotia, where a survey of the Annapolis Valley revealed an average of 3.6 per cent fruit injury, 
and a series of bait pan captures of adults yielded 75 per cent Graptolitha bethunei (G. & R.) 
and 11 per cent Xylena nupera (Lint.), and smaller numbers of six other spccies. A light in- 
festation of the lesser appleworm occurred at Morden, Man. (See also “Raspberry Fruitworms”. 


GRAPE BERRY MOTH.—This grape pest caused moderate damage in most vineyards in 
Essex County, Ont., and appeared to be more numerous than usual in the few Niagara vineyards 
in which it had been troublesome for years. 


GRAPE FLEA BEETLE.—For the first time in many years this beetle caused serious injury 
in some Ontario vineyards. 


IMPORTED CURRANTWORM.—Currant bushes were seriously defoliated in the Bindloss, 
Alta., district; at Saskatoon, Parkside, and Glenside, Sask.; and in Newfoundland. Gooseberries 
were severely damaged throughout Prince Edward Island, where the insect was more numerous 
than usual. 


LEAFHOPPERS.—The grape leafhopper was of minor importance in Ontario, where control 
measures have been effective in recent years. An unusually severe infestation of the rose leaf- 
hopper caused noticeable injury on prune and Damson plum in an orchard at Vineland Station, 
Ont., and in Nova Scotia the white apple leafhopper was present only in small numbers in most 
orchards. 


LEAF ROLLERS.—Apparently still increasing in the Okanagan and Kootenay, B.C., valleys, 
the fruit tree leaf roller was more injurious than in 1951. In Ontario and Quebec it was of 
minor importance. Attacking peaches for the first time on record, the orange tortrix was observed 
on Elberta and Vedette varieties in the Oak Bay, B.C., district on Vancouver Island. An un- 
determined leaf roller was very prevalent on apple folliage and to a lesser extent on strawberry 
in Alberta. In Ontario the red-banded leaf roller was less prevalent than in 1951 in all apple- 
growing areas except the Georgian Bay district, where it appeared to be increasing. Moderate 
to severe infestations were reported in southern Quebec. Several leaf rollers were common on 
apple in the Annapolis Valley, N.S. Of these the gray-banded leaf roller caused the most damage; 
it occurred genera}ly, and in some orchards was a major pest. Archips persicana (Fitch) and 
Panders limitata (Rob.) were present in considerable numbers but caused only minor injury. 
The cblique-banded leaf roller continued to be comparatively scarce. Large numbers of the 
strawberry leaf roller caused some damage at Vantage, Sask., and moderate injury was reported 
in Newfoundland. Ontario reported no serious infestations. 


‘ 
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MITES.—The European red mite was more troublesome than in 1951 in British Columbia, 
notably in the Summerland district and the Kootenay Valley. In, Ontaric it was generally less 
abundant than usual, and less numerous than for several years on peach, plum, and sour cherry 
in the Niagara Peninsula. In the Oakville, Ont., area, however, it was more prevalent on apple 
than in 1951. Populations remained at a relatively low level in the St. Jean area and damage 


was much less than in 1951 in the St. Anne de la Pocatiere area, Que., but in many other areas 


of the St. Lawrence River Valley little change in status was noted. Populations remained at 
relatively low levels in Nova Scotia, except where predators were destroyed by insecticides, and 
in Prince Edward Island infestation was lighter than in 1951. The two-spotted mite caused very 
little damage in British Columbia in 1952. In Ontario a late-season population build-up of this 
species and Septanychus canadensis McG. caused severe injury in a*few apple orchards in the 
Niagara and Burlington-Bronte areas; generally distributed populations of the two-spotted mite 
in peach orchards caused little injury. A few outbreaks cf the last-named species occurred on 
strawberry in. southwestern Ontario, and in the Bradford Marsh area this host was severely 
infested, somewhat less severe infestations occurring on raspberry. The species was common 
in Quebec, being found as far north as the Lake St. Jean area, but was of minor importance. 
In Nova Scotia it was observed only in a few orchards and in small numbers. As in 1951, the 
pear leaf blister mite was present in medium, to severe infestations in a number of orchards, 
probably because of ineffective control measures. Lime-sulphur sprays reduced populations in 
the Niagara, Ont., area to minimum proportions, but in Norfolk County, Ont., this mite was 
more prevalent than in 1951. The Pacific mite was of minor importance in British Columbia, 
but, along with Eotetranychus mcdanieli (McG.), caused considerable damage to raspberry and 
currant at Sidney, Morden, and Winnipeg, Man., and Lemberg, Sask. A predacious mite, Typhlo- 
dromus sp., occurred in numbers in association with these species. In the Okanagan and 
Kootenay, B.C., valleys, Eotetranychus carpini borealis (Ewing) [=E. flavus (Ewing)], a yellow 
spider mite, was more troublesome than in 1951, causing considerable damage to McIntosh and 
Delicious apple trees in the Creston area. The species was not known to occur in other areas 


of the Province. Phyllocoptes spp. were more numerous than in 1951, notably on peach, but 


no serious injury resulted. In Saskatchewan unspecified mite species damaged strawberry plants 
at Parkside, and raspberries at Davidson. The clover mite occurred at Morden, Man., and was 
numerous in several orchards in Nova Scotia but caused little damage. 


NITIDULIDS.—Although well below the peak numbers of 1949, these insects were destructive 
to raspberry in the Chatham, Ont., area. 


ORIENTAL FRUIT MOTH.—In Essex County, Ont., infestation remained at a low level 
and less than one per cent of the peach fruit was injured. In the Niagara Peninsula there was 
a considerable increase over 1951. Fruit injury on Jubilee, V varieties, and Elberta peaches averaged 
6.1, 4.6, and 2.4 per cent respectively. More frequent rains in the Niagara district than in Essex 
County may have been responsible for the increase of the moth in the former area. Injury on 
Kieffer pear was generally light. 


PEAR-SLUG.—This insect occurred in outbreak form in several pear and cherry orchards 
in the south Okanagan, B.C., area, causing extensive damage. At Medicine Hat, Alta., it 
attacked sandcherry-plum hybrids. Injury was light in Ontario, and in Newfoundland, where 


it had been observed for the first time in 1951, it was found only in one back yard at St. John’s 
West. 


PLANT BUGS.—Lygus spp. were less troublesome than usual on peach, apple, and pear 
in British Columbia. The caragana plant bug was reported to have destroyed a raspberry 
plantation at Mervin, Sask. The tarnished plant bug seriously damaged strawberry beds in the 
Morden, Man., area, and was troublesome on nursery stock in Norfolk County, Ont. Catfacing 
of peaches was much less than in 1951 in Ontario. Only a few orchards had more than a trace 
of Neolygus communis novascotiensis Knight in Nova Scotia, but Campylomma verbasci (Meyer) 
occurred in moderate numbers in some orchards, causing minor damage to fruit. 
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RASPBERRY CANE BORERS.—The raspberry cane borer was common on raspberry and 
blackberry throughout Quebec, and 50 per cent infestation was not unusual in the St. Jean area. 
Overea sp. was reported at Winnipeg, Man. Oberea affinis Leng was moderately common on 
raspberry and occurred on some species of thimbleberry and rose in eastern Ontario. It was 
rather more common than in 1951 in New Brunswick. In Alberta many reports were received 
of damage to raspberry canes by an aegeriid believed to be Bembecia marginata (Harr.); a grower 
in Edmonton repcrted 50 per cent infestation of canes. 


RASPERRY FRUITWORMS.—Fruit bud injury in raspberry and loganberry plantings in 
the lower mainland areas of British Columbia was not of serious economic importance, most 
growers having applied one dust application for control. Byfurus bakeri Barber was the only 
species present.. Byturus sp. caused moderate damage at Assiniboia, Rowletta, and Saskatoon, 
Saskatchewan. 


RASPBERRY ROOT BORER.—This borer has increased for three successive years in coastal 
areas of British Columbia, and 50 per cent infestation was recorded in some raspberry and logan- 
berry plantings in 1952. Considerable cane infestation by this species was reported from Alberta. 


RASPERRY SAWFLY.—Damage in three plantations in Saskatoon, Sask., was reported, and 
a light infestation cccurred at Morden, Man. 


ROSE CHAFER.—This beetle continued to cause injury in fruit orchards, raspberry plantings, 
vineyards, and flower gardens in sandy areas of Essex County, Ont. Severe infestation was re- 
corded in the Windsor and Strathroy, Ont., areas. Considerable numbers appeared also in several 
orchards in southwestern Quebec. 


SCALE INSECTS.—The cystershell scale has remained at low population levels in fruit- 
growing areas of British Columbia for several years. It was of little economic importance also in 
commercial orchards in Eastern Canada in 1952, control measures being effective where necessary. 
The San Jose scale was more abundant than in 1951 in the Okanagan and Kootenay, B.C., 
valleys, and a serious problem in the Oliver, Osoyoos, and Keremeos areas. Only light, scattered 
infestations were reported in Ontario. Soft scales, Lecanium sp. and Pulvinaria sp., also were 
more troublesome on peach and apricot than in 1951 in British Columbia; populations have been 
increasing for several years, notably from Summerland south to the International Boundary. 
A severe infestation of the scurfy scale was observed on Siberian crabapple at Niverville, Man., 
and moderate infestations occurred on crabapple, apple, and pear at Morden, Man. Appearance 
of the cottony maple scale on grape in a nursery at St. John’s, Nfld., constituted the first record 
of this scale in the Province. ‘ 


STRAWBERRY CROWN MOTH.—This insect continued to cause concern to strawberry 
growers in British Columbia, some three-year-old plantings having up to 50 per cent infestation 
of plants. 


TENT CATERPILLARS AND WEBWORMS.—Both the forest and the eastern tent cater- 
pillars were abundant in fruit orchards in the Georgian Bay, Ont., area, and at St. Jean, Que.; 
they were fairly common in New Brunswick, and although the outbreak in Nova Scotia was 
somewhat less severe than in 1951, control measures were necessary in many orchards. The 
eastern tent caterpillar caused extensive and severe defoliation in orchards throughout eastern 
Ontario where not controlled by sprays. In southwestern British Columbia, populations of the 
western tent caterpillar, which had continued to decline since the peak year of 1946, showed 
some signs of increase in 1952. The ugly-nest caterpillar continued to appear in outbreak 
numbers in the St. Jean, Que., area, and Hyphantria textor Harr. continued to be scarce in 
Nova Scotia. 


THRIPS.—Thrips have increased to such an extent in McIntosh apple orchards in the 
Kootenay and Okanagan, B.C., valleys that special control measures are likely to be necessary in 1953. 
Frankliniella vaccinii Morgan was prevalent on blueberry in many commercial crops in Charlotte 
County, N.B., but infestations were generally less severe than in recent years. Infestations were 
recorded also in other parts of the Province. 
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PREDATORS OF ORCHARD PESTS.—In Nova Scotia there were variations in the abun- 
dance of some of the predators of orchard pests, but in general the predator situation remained 
much the same as in 1951. Of the two predacious thrips present, Haplothrips fawret Hood was 
much more numerous and widespread than Leptothrips mali (Fitch). H. faurei probably 
occurred in more orchards and in greater numbers than in 1951. L. mali was only observed in 
a few orchards and seemed somewhat scarcer than in 1951. The most commonly found pre- 
dacious mirids and anthocorids were Hyaliodes harti Knight and Anthocoris musculus Say. 
H. harti occurred more generaily and in greater numbers than in 1951. A. musculus showed 
a decline in numbers. Other predacious mirids and anthocorids were scarce. There was little 
if any increase in Deraeocoris nebulosus (Uhl.) and D. fasciolus Knight was scarcer. The pre- 
dacious mites, Typhlodromus spp., which prey on the European red mite and other mites, were 
general and were found in about the same numbers as in 1951. Coccinellids also were general 
and occurred in about the same numbers as in 1951. Stethorus sp. was somewhat scarcer than 
in 1951. Aphid-lions were fairly abundant but syrphid flies were not as numerous as usual. 


INSECTS AFFECTING GREENHOUSE AND ORNAMENTAL PLANTS 


APHIDS.—Severe infestations of aphids, probably mainly the caragana aphid, occurred on 
caragana in the East Kootenays, B.C. Infestation was general in Alberta, 100 per cent defoli- 
ation Occurring in many southern districts, notably at Lethbridge, Pincher Creek, Calgary, and 
Medicine Hat. In Saskatchewan also, aphids were unusually abundant on caragana, causing 
severe defoliation in the Conquest, Beechy, and Kenaston areas, south and west of Saskatoon. 
Rose bushes, tomatoes, Manitoba maple, gladioli, asters, and house plants were damaged by 
aphids at Saskatoon. Delphiniums were commonly attacked at Brandon, Man. Near Harrow, 
Ont., aphids were abundant on ornamentals, notably willow; and at Leamington, Ont., the 
melon aphid was troublesome in several greenhouses. 


BLACK-HEADED FIREWORM.—An outbreak of this insect on holly in southwestern 
British Columbia was controlled by DDT. 


BLACK VINE WEEVIL.—This insect killed Taxus plants in ornamental plantings in some 
Ontario nurseries. 


BOXELDER BUG.—Pistillate boxelder was commonly attacked by the boxelder bug in south- 
western Ontario. 


CABBAGE LOOPER.—Foliage feeding by this insect on tomato was common in greenhouses 
in the Harrow, Ont., area. 


COLUMBINE INSECTS.—The columbine borer was reported from Oakville, Ont., and the 
columbine leaf miner occurred at Marmora, Ont. 


CORN EARWORM.—Although not abundant, this insect fed on tomatoes in greenhouses in 
southwestern Ontario, causing some concern. 


FOUR-LINED PLANT BUG.—Flowers and border plants were commonly injured by this 
plant bug along the shore of Lake Erie, Ont. 


GARDEN CENTIPEDE.—A serious infestation of this species occurred in a greenhouse at 
Medicine Hat, Alta. 


GREENHOUSE WHITEFLY.—Tomatoes in greenhouses were commonly attacked by this 
species at Winnipeg, Man., and Harrow, Ont. 


HOLLY LEAF MINER.—Infestation of holly by this species in British Columbia was reduced 
to a minimum by two sprays of 25 per cent DDT concentrate. 
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LEAFHOPPERS.—Erythroneura sp., probably ziczac Walsh, commonly attacked Virginia 
creeper at Kamloops and Vernon, B.C., and at Dunfermline, Scott, and Saskatoon, Sask. Mac- 
rosteles sp. caused local damage to lawn grass at Saskatoon, Sask.; at Charlottetown, P.E.I., many 
rose bushes and some elm and other ornamenta! tree were attacked by leafhoppers. 


LILAC INSECTS.—The lilac borer was reported from several localities in the Winnipeg, 
Man., area. The lilac leaf miner occurred in the Vernon, B.C., area, and was reported to be 
common throughout most of Eastern Canada. Damage was more conspicuous than usual in 
eastern Ontario, very general in southern Quebec, somewhat below average in Prince Edward 
Island, and still increasing in Newfoundland. 


MITES.—In Saskatchewan greenhouses, strawberries were severely injured by mites at Parkside, 
raspberries at Davidson, and delphinium at Saskatoon; reports were less numerous than in 1951. 
The tomato russet mite, recorded for the first time in Essex County, Ont., damaged tomatoes in 
a greenhouse near Harrow. The two-spotted mite commonly attacked greenhouse crops, and 
deciduous shrubs and flowers in southwestern Ontario. Greenhouse carnations were extensively 
damaged in the Lincoln, N.B., area. 


NARCISSUS BULB FLY.—During the past five years this insect does not appear to have been 
influenced by either weather or parasites; infestations as high as 60 per cent continued to appear — 
in unsprayed and weedy plantings in southwestern British Columbia. 


NYMPHALIDS.—Vanessa caryae Hbn. occurred on hol'!yhock at Lethbridge, Alta., farther 
inland than usual. V. cardui (L.) caused minor damage to hollyhock at Carnduff and Canora, 
Sask., and Morden, Man. It occurred on dahlias at Winnipeg, Man. V. virgeniensis (Drury) 
damaged hollyhock at Fredericton, N.B. 


A PSYLLID.—A moderate infestation of Psylla tuthilli. (Cald.) was recorded on Shepherdia 
argenlea Nutt. at Morden, Man. 


ROSE CHAFER.—Roses, oriental poppies, and cther ornamentals were extensively damaged 
in the sandy areas cf Essex County, Ont., bordering Lake Erie and the Detroit River. Infest- 
ation was severe in the Windsor and Strathroy, Ont., areas. 


ROSE CURCULIO.—Scattered occurrences were reported from Saskatoon, Shellbrook, and 
Esterhazy, Sask., and Morden, Man.; infestation was generally light in both provinces. 


SCALE INSECTS.—The juniper scale caused some damage to ornamental juniper, notably 
at Pfitzer, Ont. The oystershell scale and the scurfy scale were both troublesome on lilac, willow, 
and other ornamentals in southwestern Ontario. 


SLUGS.—Appreciable injury to ornamentals, particularly low, flowering plants, was reported 
from Ontario and New Brunswick. 


THRIPS.—The gladiolus thrips caused moderate to severe damage to gladioli at Scott, 
Kindersley, Theodore, and Saskatoon, Sask.; and at Arden and Winnipeg, Man. Infestation 
occurred commonly in Eastern Canada where adequate control measures were not carried out. 
The onion thrips was present in minor infestations in several greenhouses near Harrow, Ont., 
during the spring. 


EASTERN TENT CATERPILLAR.—Ornamental plants and shade trees were commonly 
defoliated by this species throughout eastern Ontario and southern Quebec. 


INSECTS ATTACKING MAN AND LIVESTOCK 


BED BUG.—A few infestations were recorded at Kamloops and Vernon, B.C.; one at Leth- 
bridge, Alta.; one each at Lafleche and Saskatoon, and two at Prince Albert, Sask.; one from 
Manitoba; eight from Ottawa and Toronto, Ont.; a few in southwestern Ontario; and one from 
Les Etroits, Que. 
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BLACK FLIES.—Populations were apparently below average in British Columbia. Simuliwm 
arcticum Mall. and Cnephia taeniatifrons (End.) were less abundant along the Saskatchewan 
River than in recent years, and there were no livestock losses. From Hillside, Sask., came the 
only report of an outbreak of S. arcticum. Elsewhere on the prairies, where black flies were 
abundant locally they caused some irritation to livestock and man: S. venustum Say and S. wit- 
taium “ett. along the northern and western fringes of settlement in Saskatchewan and Alberta, 
S. griseum Cog. in the Milk River drainage area in southern Alberta, and S. venustum, S. meri- 
dionale Riley, and S. luggeri N. & M. in the Battle River Valley in Saskatchewan. Larvae of 
S. venustum were very numerous in the Souris River, Man., but were effectively controlled. 
A severe outbreak of Simulium sp. caused great inconvenience and discomfort to man and 
animals in central Hastings County, Ont., during late May and early June. Species of this genus 
were very numerous also in Newfoundland. 


BLACK WIDOW SPIDER.—There. were numerous requests for information from the 
Kootenay, Trail, and Okanagan, B.C., districts but no reports of bites were received. 


BLOW FLIES AND FLESH FLIES.—No new cases of myiasis in humans were reported in 
British Columbia but maggot infestations on dehorned cattle were reported from the Kootenay 
area. Blow flies were unusually common in the Saskatoon, Sask., area, the most numerous 
species being Phaenicia sericata (Mg.), Cynomyopsis cadaverina (R.-D.), and Lucilia illustris 
(Mg.); one case of nasal myiasis in a human was reported from Redvers, Sask. Several larvae of 
Calliphora livida Hall were found in an unusual location: under the edge of a rug close to the 
fireplace in an Ottawa dwelling; they were believed to have developed on a dead bird in the 
chimney. 


BOT FLIES.—Autopsy of a deer’s head at Kamloops revealed 115 larvae of Cephenomyia sp., 
an indication of the prevalence of this pest. Horses in Manitoba were reported to be heavily 
infested with Gasterophilus spp. 


CATTLE GRUBS.—Hypoderma spp. persisted in more or less normal numbers in British 
Columbia. A campaign in Manitoba effected a large measure of control but, as in most cattle- 
raising areas of Canada, untreated small herds maintained foci of infestation. For some un- 
known reason cattle grubs were not present in the southern part of the Red River Valley. 


FLEA.—Reports of Ctenocephalides spp. in the Ottawa area were much more numerous than 
in 1951, and several reports were received from other points in Eastern Canada. The European 
chicken flea was reported from Carievale and Langbank, Sask., children haying been attacked 
on several occasions at the former locality.. 


HORN FLY.—No outbreaks of the horn fly were reported in northern Alberta although 
Severe infestation had occurred in 1951. Normal numbers were observed in Prince Edward 
Island. At Ottawa a horn fly occurring indoors persistently attacked and finally bit a young 
girl. 


LEECHES.—Bathers were reported to have been commonly attacked by leeches in Mississippi 
Lake, Ont. 


MITES.—An infestation of chigzgers was reported in the Ottawa area, and Sarcoptes scabiei 
(Deg.) occurred on hogs near Winnipeg, Man. 


MOSQUITOES.—No unusual outbreaks of mosquitoes were reported in British Columbia. 
In northern Alberta they were a source of annoyance throughout the summer as a result of 
frequent rains but were never unusually abundant. Anopheles spp. were more numerous than 
usual late in the season. Mosquitoes appeared unusually early in Saskatchewan and were a 
Serious pest throughout the Province during May, June, and July. In Manitoba Aedes spencerii 
(Theo.) occurred in moderate numbers early in the season. Aedes vexans (Meig.) appeared un- 


usually late as a result of drought conditions, large flights occurring in September and early 


October. In southwestern Ontario infestation was the most severe in four years. Populations 
were large in southern areas of eastern Ontario but were reduced from those of 1951 as a result 
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of very dry weather in May. Frequent rains in the Ottawa River Valley maintained populations 
at a high level throughout the greater part of the summer. Thirteen species were collected in 
a survey of the National Park area of Prince Edward Island. Recent experimental work with 
radio-active tracers has revealed the following predators to be of importance in the control of 
mosquitoes in Canada: larvae of predacious mosquitoes, adults and larvae of water beetles, 
adults and nymphs of water bugs, damselfly and caddisfly larvae, and pond snails. 


SHEEP-TICK (Sheep Ked).—This insect continued to be an important parasite of sheep in 
the Kamloops, B.C., area, where untreated flocks are believed to reinfest sprayed flocks on summer 
langes annually. 


SNIPE FLIES.—Symphoromyia atripes Bigot continued to cause annoyance in British 
Columbia park areas at altitudes above 4,000 feet. 


TABANIDS.—Normal populations in the Kamloops; B.C., area occasioned no unusual com- 
ment. In the northern agricultural areas of Saskatchewan tabanids were a serious pest, at least 
11 species being common in the area. Tabanus septentrionalis Loew was 2 moderate pest in 
southern areas of the Province. Tabanus spp., increasing in Hastings County, Ont., in recent 
years, reached peak numbers in 1952, T. affinis Kby. predominating; Chrysops spp. were moder- 
ately abundant, particularly in forested areas. Tabanus spp. were normally troublesome and 
Chrysops spp. more numerous than usual in Newfoundland. 


TICKS.—Dermacentor andersoni Stiles appeared to be less abundant than usual in the 
Kamloops, B.C., area; cases of tick paralysis in livestock were rare, and collecting yielded few 
specimens. Drought conditions in 1951 were believed to have been associated with the scarcity. 
Dermacentor albipictus (Pack.) was unusually abundant; several reports of severe infestation on 
moose were received from the British Columbia Game Department, and large numbers of young 
were observed about moose carcasses in the fall. A female of this species was removed from an 
Indian at Blue Ridge, Alta. Ixodes pacificus C. & K. was troublesome at Pender Harbour, B.C. 
but at Harrison Bay, where it had usually been abundant, collections were small. Dermacentor 
variabilis (Say) commonly attacked humanss, cattle, horses, and dogs in Manitoba; it was taken 
on children and a dog at Pendleton, Ont. Ixodes cookei Pack. was taken on a child in the 
Ottawa area. 


WASPS AND BEES.—Wasps were commonly a household nuisance at Vernon, B.C., and for 
the second successive year nests of Vespa spp. were unusually abundant about urban dwellings 
in northern Alberta. In Manitoba species of Vespa were less numerous than in 1951. Vespula 
vulgaris (L.) has not been abundant in Newfoundland since the outbreak in 1950. A “village” 
infestation of the social bee Andrena asteris Robt., disfigured a lawn at Toronto, Ont. 


HOUSEHOLD INSECTS 


ANTS.—Ants of various species continued to be among the more troublesome household 
pests, and frequently caused damage to lawns and golf courses throughout Canada. Over 60 
reports of Camponotus spp. were received at Ottawa from points in Eastern Canada, and many 
more were received at regional laboratories. The pharaoh ant occurred frequently in: buildings 
in several urban centres in Eastern Canada, occasionally overrunning large office and apartment 
buildings and spreading into surrounding areas. The odorous house ant, rarely reported pre- 
viously in Canada, occurred in several dwellings in Victoria, B.C., and in an Ottawa home. The 
cornfield ant invaded an apartment building at Ottawa, and the larger yellow ant was taken 
in a dwelling at Hamilton for the first record in Canada. 


AQUATIC INSECTS.—Insecticide-conscious residents of urban centres bordering large rivers 
and lakes in Eastern Canada are becoming increasingly concerned over the annual invasions of 
caddisflies, mayflies and chironomids, which cluster at lights, settle on buildings, and have been 
blamed for certain respiratory ailments among the residents. At Ottawa chironomids entered 
operating rooms in a local hospital through standard mesh screens and interfered with normal 
activilies. 
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BAGWORMS.—Numbers of Solenobia sp., probably hibernating, collected at windows in 
a Toronto dwelling. Bagworms ordinaly live on the bark of trees. 


BOXELDER BUG.—This insect was unusually abundant in central and southwestern areas 
of Ontario, where dwellings were commonly invaded. 


CARPET BEETLES.—Several infestations of the black carpet beetle were reported at the 
Vernon, B.C., laboratory. It was a major household pest in urban centres of northern Alberta, 
and was more commonly reported than clothes moths in Saskatchewan and Manitoba, and 
throughout Eastern Canada. In Ontario it was recorded as far north as Timmins. Stocks of 
nylon hosiery were damaged in a plant at Kingston, Ont. Anthrenus scrophulariae. (1.), which 
occurs much Jess commonly, was taken in a few homes at Ottawa and was recorded at Moncton 
and Mouth of Keswick, N.B. Anthrenus verbasci (L.) was recorded only at Vernon, B.C., and 
an entire house at Edmonton, Alta., was severely infested by Anthrenus flavipes Lec., which 
had been brought from Missouri, U.S.A., in furniture. This was believed to be the first record 
of Anthrenus spp. in Alberta. 


CHLOROPIDS.—Adults were more abundant than usual at windows in buildings in Alberta; 
at Edmonton immense numbers collected in a shop window illuminated by a very bright neon 
light. Large numbers occurred also in dwellings at Guelph and Penetanguishene, Ont. 


CLOTHES MOTHS.—Reports from points in Eastern (Canada were moderately numerous; 
in Western. Canada they were comparatively scarce. 


CLUSTER FLY.—This insect was a greater nuisance than usual in rural and suburban dwel- 
lings in eastern Ontario and southwestern Quebec during the spring, and during the fall reports 
were numerous in the Ottawa Valley area. Large populations are believed to be associated with 
frequent rains. 


COCKROACHES.—The German cockroach was commonly reported from Manitoba eastward 
to Newfoundland; an infestation at Alert Weather Station, Ellesmere Is., N.W.T., created a new 
northerly record for this insect. The oriental cockroach occurred in a warehouse at Winnipeg, 
Man. Considerable numbers of the American cockroach were found in a shipment of art for- 
warded from Washington, D.C., to Ottawa, and Parcoblatta pennsylvanica (Deg.) occurred com- 
monly in cottages and motels in Hastings County, Ont. 


CRICKETS.—Camel crickets, Ceuthophilus sp., occurred commonly in basements of new 
houses in Alberta, and were frequently reported at Ottawa. The field cricket was a common 
pest in dwellings and apartments in a suburban area of Ottawa. 


CURCULIONIDS.—The strawberry root weevil was reported to be an occasional pest in 
dwellings and other buildings in many districts from Saskatchewan to Newfoundland, and was 
very abundant in areas along Lake Erie in Ontario. Adults of the black vine weevil invaded an 
Ottawa dwelling. 


EUROPEAN EARWIG.—This insect reached Walkerton and Durham in the course of its 
spread in south-central Ontario. 


GROUND BEETLES.—Stenolophus conjunctus (Say) occurred in nuisance numbers in 
a dwelling at Renfrew, Ont., and Spongopus verticalis Lec. in an Ottawa home. 


HOUSE CENTIPEDE.—Three occurrences at Ottawa and one at Yamachiche, Que., were 
recorded. 


HOUSE FLY.—Noticeably larger populations were reported at Saskatoon, Sask., and a low 
level of abundance continued in Manitoba. Few reports on this common pest were received. 


MASKED HUNTER.—Specimens were received from Peterborough, Ont.; and a resident 
of Poltimore, Que., reported the presence of large numbers in vermiculite insulation. The 
Occurrence of more than a few specimens in a dwelling is unusual. 
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MITES.—Reports of invasion of buildings by the clover mite were numerous at Lethbridge, 
Fort Macleod, and Warner, Alta. One such report was received from Saskatchewan, and two 
each from Manitoba and Ontario. An invasion of the chicken mite occurred in an Ottawa dwel- 
ling, and at Belleisle Creek, N.B., Cheyletus eruditis Schr. and Haemolaclaps megaventralis 
Strand, infested a dog’s bedding consisting of straw and chaff. 


A MUSCID (n. rec.).—A severe infestation of Musca autumnalis Deg. [=M. corvina F.] 
occurred in the wall spaces and interior of a church at Middleton, N:S. The species had not — 
previously been recorded in North America. The larvae develop in cow manure, and the adults 
feed on the exudations from wounds on animals. In autumn the adults congregate in buildings 
to hibernate in much the same manner as the cluster fly. 


SEWAGE FLIES.—Several occurrences of Psychoda sp. were reported at Ottawa. 


SILVERFISH.—Silverfish and firebrats were commonly reported from urban centres through- — 
out Canada, and at Ottawa samples of dried milk were found to contain numerous fragments 
of these species. 


SPIDER BEETLES.—Mezium affine Boiel. infested a dwelling at Ottawa, and an under- 
termined species was numerous in a house at Wabana, Nfld. 


TENT CATERPILLARS.—Malacosoma spp., seeking pupation sites, occurred in large num- 
bers about dwellings in the Ottawa area, creating a considerable nuisance. Reports were received 
also of the abundant parasite Sarcophaga aldrichi Park. soiling ie hung out to dry and 
alighting frequently on humans. 


TERMITES.—Extensive damage to a dwelling was reported from Ashcroft, B.C., and many 
reports were received from Toronto, Ont. 


A TINEID (n. rec.).—Adults of Monopis ferruginella Hbn., somewhat resembling clothes 
moths except for their black colour, occurred in thousands in a dwelling at Vancouver, B.C. 
This is the first North American record of the insect. It occurs commonly about dwellings in 
Europe, the larvae developing on fungi associated with decaying vegetable matter. 


WINDOW FLY.—Larvae of Scenopinus fenestralis L., a beneficial predator of indoor insects, 
were recorded from dwellings at Ascot Corners, Que., and Foxboro, Ont. 


WOOD BORERS.—Powder-post beetles, mainly Anobiwm punctatum (Deg.), caused extensive 
damage in barns and houses in Ontario; furniture, as well as hardwood flooring and structural 
timbers, was atacked. In one instance damage resulted in the collapse of barn flooring and the 
death of livestock. Reports of damage were numerous also in Newfoundland. 


STORED PRODUCT INSECTS 


STORED GRAIN INSECTS.—No serious outbreaks of pests of stored grain were reported in 
Canada until about the end of September, when the rusty grain beetle, Laemophloeus ferrugineus 
(Steph.), was reported in low-grade wheat of the 1950 crop in Saskatchewan. During the follow- 
ing five weeks 14 elevator points in the Province reported similar infestations. Subsequently, 
numerous reports were received of infestations in farm-stored grain of the 1952 crop in Alberta; 
considerable heating and spoilage were associated with the infestations. Every effort was made 
to confine and eliminate the infestations before serious damage was done. Other stored grain 
pests were of comparatively minoz importance. 


Elevators in Eastern Canada remained essentially free from insects. Light infestations, parti- 
cularly of the Mediterranean flour moth, the yellow mealworm, the black carpet beetle, and 
mites occurred at some points but they were satisfactorily controlled. The usual amount of 
damage in farm granaries was reported, the most common pests concerned bee the saw-toothed 
grain beetle, ie: confused flour beetle, and the flat grain beetle. 
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BEAN WEEVIL.—Minor local infestations in dried beans were reported from Ontario, 
Quebec, and New Brunswick. 


CADELLE.—This insect was an incidental pest in flour and feed establishments in the 
Prairie Provinces. 


CHEESE SKIPPER.—Large numbers of this species occurred in a tannery at Winnipeg, Man. 


CIGARETTE BEETLE.—Reported infestations included a chesterfield at Ottawa, and a dwel- 
ling at Verdun, Que. 


CONFUSED FLOUR BEETLE.—This imsect was one of the two most troublesome insects 
found in prairie flour mills, and it occurred commonly in pantry infestations in all provinces. 
In Eastern Canada it was one of the three most common insect pests in farm granaries. 


A CUCUJID (n. rec.).—An infestation of Oryzaephilus mercator (Fauv.) occurred on insect 
specimens in the National Collection at Ottawa, the first Canadian record. 


DRUG-STORE BEETLE.—Occasional complaints concerning this beetle in bakeries and 
dwellings were received from Saskatchewan eastward to the Atlantic. 


FLAT GRAIN BEETLE. —This beetle was one of the most troublesome insects in prairie 
flour mills, and in farm eranaries in Eastern Canada. 


FOREIGN GRAIN BEETLE.— Ahasverus advena (Waltl.) was encountered in a few grain 
samples in the Prairie Provinces. 


GRANARY WEEVIL.—Infestations of this weevil occurred in United States corn stored at 
the Pacific coast in Canada, and it was an occasional pest of flour and feed stores in the area. 
Minor numbers were reported in Ontario farm granaries. 


GRAIN MITES.—Stored grain, mainly wheat, in elevators at Lethbridge, Barnwell, Stavely, 
and Turin, Alta., became infested with mites, and some occurrences in farm-stored grain were 
reported from both Alberta and Saskatchewan. 


HIDE BEETLE.—An ifestation in a tannery at Winnipeg, Man., was reported. 


HOUSE MOTHS.—Endrosis lacteella (Schiff.) and Hofmannophila pseudospretella (Staint.) 
occurred at Vancouver, B.C. 


INDIAN-MEAL MOTH.—Occasional reports were received from bakeries and home owners 
in various parts of Canada, and in British Columbia an infestation developed in United States 
corn stored at coastal points. 


LARDER BEETLES.—Dermestes lardarius L. occurred commonly in dwellings, stores, and 
warehouses, and more reports than usual were received from points in Ontario and Quebec, 
Dermestes ater Deg., rarely recorded, was reported to have occurred in several homes at Brock- 
ville, Ont. 


MEDITERRANEAN FLOUR MOTH.—Prairie flour mills, and warehouses and feed establish- 
ments on the Pacific coast, in the Prairie Provinces, and elsewhere were occasionally infested by 
this moth. It occurred also in United States corn stored at coastal points in British Columbia. 


MEAL MOTH.—This insect was an incidental pest in flcur and feed establishments on the 
Pacific coast. 


ODD BEETLE.—An occurrence of Thylodrius contractus Mots. in an insect collection at the 
University of Manitoba was believed to be the first record in the Province. 


A PYRALID (n. rec.).—The occurrence of considerable numbers of Aphomia gularis Zell. in 
a flour warehouse and a bakery in Vancouver, B.C., established a new record in Western Canada. 
_ An oceurrence at Montreal in 1934 is the only previous cond in Canada. Larvae fed on corn 
flour, and nuts at Vancouver, 
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SAW-TOOTHED GRAIN BEETLE.—This insect continued to be possibly the most frequent- 
ly recorded pest of stored food materials in dwellings throughout Canada, and in addition was 
a common pest in farm granaries. 


SPIDER BEETLES.—Ptinus ocellus Brown continued to be an important warehouse pest 
on the Pacific coast. In the Prairie Provinces a few grain samples contained Ptinus villiger (Reit.). 
Niptus hololeucus (Fald.) was recorded once in Saskatchewan. 


A TENEBRIONID.—Cynaeus angustus Lec., first reported in Canada at Diana, Sask., in 1944, 
occurred in a general infestation on cereal products in a mill at Medicine Hat, Alta. 


TOBACCO MOTH.—An outbreak of this species in stored bags of peas at Montreal, Que., 


was reported. 


YELLOW MEALWORM.—This mealworm was an incidental pest in fiour and feed buildings 
in coastal areas of British Columbia and in farm granaries throughout Canada. Occasional 
reports of adults being numerous in dwellings were believed to be, in some cases, a result of the 
attraction of lights to beetles occurring outdoors. 
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PROCEEDINGS OF THE EIGHTY-NINTH ANNUAL MEETING 
ENTOMOLOGICAL SOCIETY OF ONTARIO 


ONTARIO AGRICULTURAL COLLEGE, GUELPH, ONT. 


OCTOBER 16 and 17, 1952 


The Eighty-Nineth Annual Meeting of the Entomological Society of Ontario was called to 
order by the President, George F. Manson, at 10:00 a.m. October 16 in War Memorial Hall. 
During the following two days the President, Vice-President B. N. Smallman, and A. W. A. Brown 
presided over the presentation and discussion of some 15 invitation and submitted papers. At 
the reception and banquet in the Elizabeth Room of the Royal Hotel on the evening of the 
16th Dr. K. W. Neatby, Director of Science Service, gave an illustrated talk on “Agricultural 


Research in Australia’’. 


At the business meeting during the morning of the second day, the report of the Secretary- 
Treasurer was read and the financial statement presented. The following Committee reports 


were presented and passed. 


FINANCIAL STATEMENT 


Year 
RECEIPTS 
DCSME Re rege eae ty § 1004.63 
MVenMMICNE= Grant geo i 360.00 | 
BMDSGHIPLIOMS <x so) 6 ee. 15.80 
CRON UMM DENS efi he ee 17.95 
RMISCEHINCOUS: eee ee 93.41 
$ 1391.79 
Bank Balance 
SleeOGt + rl O52" Ve $1093.71 
Less cheques outstanding 
SO OCEe TO5F 91.00 
—————_ $ 1002.71 
$ 2394.50 
Audited and found correct, 
31 October, 1952 
R. C. COOKE 


Co je -PAYEON 


Ending October 31, 1952 


EXPENDITURES 
Prinftiney ihe Can. Emt.cai0....5: 
MET aT ck Sec HNC aN 
Benin Behan Gy te eer a ee cae 
Stationery. So Supplies 6 sae. 
POSEAC Gris ee rene eeRe sista cise scan 
IMiiscellameQUs. tree ase ee on 
Less outstanding cheques 
DOCG MOG 2. Ricrs See e MOM ce 
Bank Baiance 
S1EPO CEs OG Pia Ane esha Ok 
Rec. H. Ozpurn, 
Secretary- 


$ 883.20 
407.78 


Treasurer. 
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REPORT OF NOMINATIONS COMMITTEE 


Your Committee proposes the following to serve as directors of the Society in 1953: 
G. F. Manson, B. N. Smallman, S. G. Smith, S. H. Short, A. W. A. Brown, J. H. H. Phillips and 
C. AS. Smith (See Inside Front Cover for list of 1953 officers). 


H. G. JAMES 
W. G. P. GARLICK 
H. W. GOoBLE, Chairman. . 


REPORT OF RESOLUTIONS COMMITTEE 


(1) Resolved that the Entomological Society of Ontario hereby express its appreciation to 
Dr. J. D. MacLachlan, President of the Ontario Agricultural College, for his cordial address 
of welcome and for the use of the Institution’s facilities during the 89th Annual Meeting 
of the Society. 


(2) Resolved that the Secretary forward a letter of appreciation to Dr. K. W. Neatby for his 
delightful and informative addyess “Agricultural Research in Australia”. 


(3) Resolved that our thanks be expressed to the Programme Committee for a well-balanced 
and interesting series of invitation and submitted papers. 


(4) Resolved that the cordial thanks of the Society be extended to the Local Committee for its 
excellent arrangements. 


(5) Resolved that the pleasure of the Society be expressed to Professor and Mrs. A. W. Baker 
for their Open House which has been a very enjoyable feature of our Guelph meetings 
for many years. 


(6) Resolved that the Society express its appreciation and gratitude to Librarian S$. E. Dixon — 
and Mrs. G. H. Unwin for the preparation and publication of the List of Publications in 
the Society Library. 


(7) Resolved that greetings and congratulations be forwarded to Past President Dr. John 
Dearness on attaining his 100th birthday. 


(8) Resolved that a letter be forwarded to Mrs. Caesar and family expressing our sympathy 
in the passing of Professor Lawson Caesar. 


The Committee requests that the actual phrasing of the last two resolutions be left to the 
Secretary-Treasurer who should consult with at least one of the older members of the Society. 


oo 


A. W. A. BROWN 
O. PECK 
W. E. HemInNG, Chairman. 


The Ninetieth Annual Meeting of the Society will be held at 


the University of Western Ontario, London on November 17 and 18. 
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MEMBERS AND GUESTS REGISTERED 
AT THE EIGHTY-NINETH ANNUAL MEETING, 


ENTOMOLOGICAL SOCIETY OF ONTARIO, OCTOBER 16 anp 17, 1952 
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Arctiidae: 0)....4 40423. ee 5] 
Argas 
TEPLEXRUS (Oe i ee 
ATTY. WOFMNS 4). 0.600 er Mes eee 
Dberthias ica Ce ee neers 
black aa ee eet eee a 
fall ee a teak ct. ee 
wheat ‘Head 2..020:.4.2 3" eee eee 
». yellow striped”) 3/3.) ae ONL. ee eee 
Arthropoda «1.20%. eg 
Asaphes 
PUP POS oo las Oe ee ee 
Autographa 
Californiea: oh. A 
Ba WO “p30 sei gent sat tes. sete oxen ee 
Baits 
bYan-Watet 212.28 d..an okt ee 
Bees 
SOCIAL iia... ee 
Beetles 
ASPATAPUS) | 2. aed. eee 
black:.carpets 2 i) cahbket coy gee en eae 
DLister 17; Aus oe eae eee ee 
cadelle® hie a tries ce 


carabid 


SOCIETY OF ONTARIO | 99 


GUST CEREM I iin ite, Steers 1 eo aera eyyateeet ne 8) 
Colorado “potato. ia. ACh ee) 
Ons AAT OUT 2 asin coset eres act sansa 92-93 
CLIC SL she an as ee sc UI 69, 93 
cucumber 
SOULS! 80 gets o cat olde P ten Hehe 4g, 7S 
CLIP OX naa cre aR pn oa) ae 79 
RMU SOME eee Te Tee ROME eh aut 93 
iMItiE DTC SG eMC See aleat i rae nro Rea ee Per 92-99 
IIGRY reat See ames Me ms 58-59, 69, 76 
CHMCMKCNOUSH iat ar he eon een 76 
STS] OLE a et we Le eg cel 84 
POlMOf a i a Be ates Ee) 
MOG eMEAC EG. 1a Bera Noe. le team 76 
SUPT OS CLO kone ane Ree ee 49 
(Ds DEN OL ae At Beale ata Anat 49 
(ELUTION See SRR eo Sena 79 
MESHED POLALO Kt Soe iin ete, 79 
MOMENI OT ATIN SS rice Ck seat esate Ree A 93 
(DO UUNG| Fine eee aCe tana Meet er ee a oll 
IDUIGIS See Ras eg ree peer UES se ae saligs tena 2 
LOL ITNSS Ss Sea ee we nCLaR cee cae CA amet ee a att 2 
es Me ie Piles gues, utah Gc ade 72-73 
Metal ioiiiegey teh Pe ert iee Ier H 24 
AMICI Ae Nuh tent a thoy OMe scl oi 93 
Wrexcleamsibean Sie eo atk 80 
IUCN IG ieee arte Ne anes een Gace a ena 85 
DOIG. aa aaa atten eeatiee meea cee a een RU Ree he 93 
POWGER-DOSE® 7 Nee eae ee 92 
MEG at MEM Mae ee eae PS 
MOSCGIMATCI ek oan ee OE 50, 86, 88 
GUIS CIA Co Ly cart coaxial 192 
SAW -LOOtEd OTaIM: so. .as 6. ede Oe Oat 
SJOIGIEIE: *s gteeh eeeete rte aun hen aaa gre OZ HOR 
SHOMMAC MIA CALLTOUM 4. ern tee ues ak 81 
SIUM OAVetee ey eR ee Te ae 77 
femeliomids <a, os oem Hee io (0. Ge 
VENEGAS SL As ach nar ane eee em 90 
Bembecia 
GUCMOONMBE eh CNN Ee 86 
/ESOUDIDIS ead sa be create Me ed ERE ee 76 
GIT OMUUIS RONEN LU yeh AO Nan Rt ie 76 
MCMMEGOLO MR peo ce Re Cec Gk hte 76 
Borers 
CoOlMIMOINe Reh ye a Ae 87 
OUIIET CPN, ee name ae yar e ae opt Pies eawce 83 
MUROPEAN, CONN). fp 5 49-41, 292 19 
MAUD ECean Sweet acer dhe MRR es i, 84 
HESSem Peat CLEC A ee A se 84 
NING aa Bab ate a emer ee Eas a nicer ea Ee 88 
WeAGhRNtree Aen ke ee ee 84 
GAC EWI te ae we, ab tae As 84 
FEC AMO SUCTIN Meera nae ea sora ak ec 80 
HAVEL NCATE niet ne ea e ae Gocd 86 
HAS PIO ELIVETOOU fain omit Se 86 
round-headed apple tree ...........00...... 84 
SIMO etn en we Na ee i Saat oh ae 84 
Beqilasta avinle; eee ee 81 
SHOR ee Caen at a en es ee Me an Oe 1G 
WOOO ts nee ee ce aca ae date an ae ego N 92 
Bourletiella 
WLOUECTESIS oe Org ee tenes Uae) Wate iho 50 
Brachycolus 
[TPIS 8 ak RU es aes aA Ce ee 74 
PRACOMUAGE \ hii fg cece gett 35-36, 39, 41 
Bud moth | 
EVES OCECE Hy ee ci eave toric tee 285 189 
Budworm 
BOW ACCOM ee dae he hes Ng oe bys oaTld) 


Bugs 

alkalfad, plant sec: Oe en wee oan 

AID GCL Mia eine thd 2 aN ee haa Ok a peg: 88 

DoRelden Ae yos, sheet eey aae eRe ae 87, 91 

LE ROW EG iin et eT mei he ke aed 75 

Caraganarsplamt «os. See ee None 85 

LOU hiinedanalam te yew ox ire cy nina 87 

IMeaAd OW SPIELE Nc MineaL a Wai mannow see 77 

Pb arit eerie ee nee ir Se Ne 69, 76, 85 

Say cstiatken 4 sscise keds oem tw eee eS 77 

SGUULAS TN vir ee OR ee Rd engl Mian VN i ae 81 

SPLEGIC serra neler Pian teins Me Men LUBE Te 

StL vee Pu a oh, SAN Dei Ce Me I te 81 

farmished plantw:..27 4 Ol 13s, Oe 180 

SVE CES RAAB A oR ea d8r Pa ee 90 
Butterflies 

black swallowtail: a2. el, Bees 81 

inyiaay OOM KGL wea etaness ated Maneard taste beeen ce 88 

patntedslady iy. 48 Wee D2 Wawel 
Byturus 

CH AEDs seat achshaees ae cee a RE eas 86 
Cabbageworms 

TERN OM GE Cee Oe Ge AR SRS aera: 78 
Cacoecia 

OP ORO GE GEN PENAL Ona oy eC NOE 69 
Caddisthy, eae oe ol ae oa kai: 90 
CONT OUT G IE! Bk PRAY ook WUE ox ane ce Seg aa! fe 38 
Calliphora 

IU NG EAS REO ees lee ie ey ot 1 UR ay 89 
Camnula L 

POUMMCUAGE AO IS Brie ae es Ro Ne 
COUPOMOLUST «aks OM ree oes ee ea 90 
Campyloma 

UCMUOSGUneeneNay so aU ee Nao. cnt ile Rar 85 
Cankerworms 

LecilOL aes seas Rie MIM Sallie taal Oine AMA UN 84 

Spring: 94 ee eee iaa | wot Raa tae ee tole! 
CO PUrO Pl Onis: 35 Ge al Oe he i aN 82 
Capsus 

SUBIC GER reer ren aigats Cea aaah Wr ie Ruel dan 9 7/7) 
Caterpillar 

CASleri LEME) am ee ee Ak, 86, 88 

fOTES ECG ens Nhe yO Re eal ee, en 86 

Saletan oe hades eke a Beet Dll as) 

GLOOM sue ai een olare yl aces ec ne aaa RE ge 86592 

UIGIV AMES UC es Say er nese. een Ge Ne 86 

WESPEMM LOM Diy Most etic e Nl eas 86 

Ze Daly es eee A He ea eh ate aan anal geen 81 
COCR OPO Bs an adie ites et SN uh Cd 33-34 
Centipede 

GARG E A Mel orice ut aE ce cla 81, 87 

ISR OND ICTS stabi ek alees Sse ah sacar ae CEE RRS 91 
CEVCIONUY UO EST eae eso cecal oe 89 
COTO ITO we sO ee ee ee 36, 40-41 
Geraphwonidae tas 70. Ae 35-36, 39-41 
CercOpidae ere ae MN eta Scat oe 5] 
CEU OD RU US cc ee ei i fhe ee 91 
Chalcid 

AIO PEM See Carew eer tee NN 7 cat: oe 
COL GHEDS TRO Ned aed Namen SU Hog, 24 
Cheyletus 

CHU COLES err ty AER GAC ae ks tc eae 92 
(ClO ASTI RE Geet ca deetare We eh Ree ane eee ee ea 89 
Chlamisus ia 

TRGCOUIGCD, Gees aR GE ie.) lice CO 
Glam yAGi santas a 8.5. ce: Me Oe Oh 
Chortophaga ee 


LTV DUS GUL Caen wae ei: eh MR eae a. po\0e 
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Ghrysomelidae™ 6.2250) ei ea eaee reer 49,08 
CUR VGO PS eRe ies corn ete kc Se area 90 
Chrysoptera 

PLOTUC TO oe ee eae nt os 71 
Clover 

Seedy midge he Ar Pore cece G5 

caer eh ral Rein miata Ae eee es aca Cer og ee GS 75 
Cnephia 

EGCTHIGLULT OTIS. \s5.7 cake eteee toc toe ene ae eee 89 
Coccinella 

novemnotata novemnotata ...............06 49 
Coccinellidae: .....¥..:.. PRS aaa See SAREE 24, 49 
Gecenrellids PFs oe re eee ee eee 87 . 
Cockroaches 

ATE LTCAT ak eo i Rae eee ee eae 91 

CECE AT he A et mele eee 9] 

Witental eos Eee ee ee ects 9] 
Coleomegilla 

WROCWLALG LEMOU? & ekheeLS ete wee ase ease a 
Coleopteran ewe hohe eae 2A AQy 258-59 
Colias 

CAMEL C TIVE Wie ok EA a See eee ak eee 75 

Piilod Cen PNOdICes 2) are 75 
OPEL T aT O05 be ee eat a NN EI Caer eat 50 
Concentrate 

SMiLisitiable. eek a ee 20; 22-235). 62 
Conocephalus 

DECOUPETINIS Se ORS eee eae 38 
GOPIAOSOMMG) BR) Seine esc, see 37, 39-41 
Corn 

BLOT G1 eae tee ea oO RCC EMER re So ta 75-76 

CALTAWY OUSIDE Se a 76 

Purepeany DOLE! (iets 43-47, 75-76 

WIGSLERTL | DOLE: ace. ee eae eee rer eas 76 
COTO TES oe EO eee MOLES CO ee I Heh 

CONN OLMOSCU LUIS shies Des Settee ree ne Een 52 

WGECOLCULUS (Olu le pee oe ae 52 

LRUSCOLRES i OL Re te ie 52 
Winicketsa ee AE Rie. ene 4 eer sneae TOOT 

Dlack-horned stuee ys ines phe ee Se 53 

GATTO Te! Wiataa ae, ae OR bee eee ee I By Ny sei de 91 

COWELL Site ax PER Ree ee ne eg 70 

I EEUCG ESP arate eae te Mag cee age Ween ane cee 53, 70, 91 

Rouie-spotted: Ree fh Socheee e es 53 

TIMMOTATMLOTIC oe eh. Oe ye Peo he enor 70 

SAO Stl Char arene care yes. Ceca aerealipneaa 53 
Crioceris 

CEST GOIN ek eo ah Roath hk ASE Cena 78 

DUGUCEUIL DUN CLELG ) i. eau eee ee 78 
Crymodes 

GYECUTISILINI ONC eco OR Peck UES eee een 51 
Ctenicera 

GCTOPCTURLIS™ GEVUP ENTS. i oica = Sedes ct oa 50 

ME CUTIES DCSE TALCLOT: 2 fens cit ik sce eas 74 
GLCMOCEPRGIGGS! Ss id Dh mos het paren flan ae 89 
Curculio 

210) C1 EP me nA aA 8, a RO oO Re RE te 83 

DANN Ae Wah eee ER ts oe 83 

NORTE hate (oe Piet eG Manu apne sa eOmn EER AR Ay ear 83 
CCUPGCTNAOTM AS or Os He ee Ae Mca he 83:0 OF 
COURT CULL OMG enka ee aae oad eae 59 
Currantworm 

DUMONT DONE cs fads Fetes: ENP sagas aoe ath ce 84 
Cutworms .. 19-23, 49, 58-59, 66-67, 70-71, 82 

TS EDDY he ss Peat eR sey Me CAT eat eI 71 

TE IAVEL Ar bhatt OP RINE: team gen soe 51, Oe Te ps2 

To REGEN oath 8. easel. Fs... heey stan sagt 82 

GAC STACM fi phen Re Se ket 70 

“CSS ID eee i Aer PR BCC A ty 2018p 5] 


pale. westem: 4250. 42.403. 3A ee 70-71 

red-backed’scs2s3 a ee 20;/ 225. JO-71 

Spotted) oly. Coin) i eae See eee br 

Striped fy sor. Noes as ae OM yall Bi 

Wanlegated '.! a ini Nae ha aa 52, 70-11 

WeomMmlark Edit Ne. Ma ee. RARE a 1 2: 52 

yellow-headed* "0. 223s eee 52 
Cyanide 

calepumy (2 hos ee 43 

potassium 4s. ce 30-34 
Cycloneda 

TURE, § Sic cov: osteo 49 
Cynaeus 

DR CUSTUS ic. indice TOs ot 
*Gynipidae, 2.20 eee 35, 38-393.) 41 
Cynomyopsis 

Cadavenina |... 035 3 eee 89 | 
Cytochrome 

OXIGASG) 942d, Ae 30-34 
Dalopius: ice 74 
Damiselfly *)..42..0. ih ee 90 
Dasyneuray Wi we sce ee tee 34, 36-38, 41 

alboutitata” ws Gi 35-41 
Deraeocoris 

fasciolus, 30 Ae 87 

nebulosus: sik 87 
Dermacentor 

albipicius © ine ee 90 

QNGCTSONA... orice 90 

variabilts >> )8.... cee 90 
Dermestes 

Ober eee 93 

lavdavius 0.0023 3A ee ee 93 
Diabrotica 

LONGICOTNAS 2 xu eee: Aes 79 

undecimpunctata howardi .................. 49 
DidCrisia Boe 75 
Diaeretus 

SALIGH PII). Ske, ae ee 36, 39, 41 
Diapause 233 ee, 30-31 
Diptera. 75). hese es 34-35, 39-41, 50 
Disease 

fuNnvOUs.-... a ee Lie 
Dissosteira 

COTOLNG 3 oo a ae aS) 
Ditylenchus 

CESbTUGLOT GEN a eae Nad SE ee 73 

di psact: >... 24.0 73 

graminophilus ©... 50S ee 73 
Doryphorophaga 

OY PROTEE 5 vie 
Drepanaphis 

WCCTUPOIGE he 5h 
Earwig 

BurQpean ac. ct kee 7 bmiea a 
Earworm . : 

CORD oe er a 52. SF 
Elateridae’" 22.20 50 
Empoasta”:, sik seiasay itt eee ee 79 
Emmipsdlovoilt ie hones Pees sie r 
Encoptolophus. 

sordidus: ..0304 0) ea 5 
Encyrtidae 2h hates Ge eee 37, 39-41 
Endrosis 

lacteela yi. ce aha ich ee 93 
Fonymphs unc tay eee 30-33 


¥y 
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» Eotetranychus 


epi DOTEMIIS 6 282. ..g51%, <n cayeeaee nln se ra 85 

SN ESTES Sy SOUR ee EM ca rome ORE 85 

| BATE Oe Oe EERE: ts One nde dee 24, 85 

WELT IS ROP RRR Das BR rsd or Se CP 24 
Epicauta 

1s PUP 0 OR aM Ae ROAM ROP tr MR ea 70 

OAL LON SL, eg Rea aN i AEN: SEL Oe Ce aa 70 

DDR RT TRS AR age Re Rene er cs ee AS 

(LL UEDTL LT Re a SSE foe Eee PRS 70 

eT eS NI sence een tee th 70 
Epitrix 

SANITATION a Oe Mins ac eee nee 58 

12 iad SELB (OTs Sane Napa REPS SEER EE secant 49 
Erwinia 

SPIRE UAT ETE LTA ek GEE AGES as ne ER 46 
Erythroneura 

FUEL CTE Ek ELC a ea 69 

Pee ee ee UN Le 88 
Estigmene 

FUETREGE 8 Ok 8 aa IC tase ot te oc pe ER AL 5] 
Die A SvPE Zs 0) SA RE APIO GE mn re Tea 77 
"EROS 0 (NSA NO ene ee ce 37, 39-41 
Eurois 

OD TIGR eee A RE De ES eA nek ok Speirs 82 
European 

RAPER DOLEI es i kl rea 43-47 
Euschistus 

EUG TIREORULGS Cae Ps ee ee 81 

REEPOAUIIES CA on eh MANY So Beek A VO 51 
Euxoa 

13 PUREE ATs, Muse el pl a eee ee ake ee BN eval 

IREESS US Ge C4 Oe eee SG ne ets 5] 

DG UE GIS ARE ed a ae 20522 

PRMIIINETNICE SEL OC ie ke ni ae re i LOAN en 51 
Evergestis 

POOL OMe ON ere RE Ree 78 
Poli a chews Be Siete: een ae Ronee Tera ERG 71 

MO SOUERTCEE MEER 1s apie ASL EN TN AN ret 5] 
REMIT Sener et Ge Nh ae ath al 92 
Fireworm : 

IIe RONGAGCCGg Sort heen ee een eR 87 
PERG ONG STUGV RBH a an Ree at eeine tt ere Cee cerE 30 
BCR G ee te Pe ea nee 89 

Brno peam CWICkKen: 6.056 aka a. 89 
Flies 

TE ISY ELEC. aR SR ie MR a aI EE ae eR are 89 

1) ZO SAS Se Aine Gal BRR ek «Ba RE 89 

Ren MR ee ah OR Se CE I a See re 89 

PEN EEEC BOED IS CaS A REM e S e Geoee anata 79 

TUITE VGC W016 01 OR Ee lee nO bts teas 82 

CLTRAOT AYO TAO (CG RARE atar cI = espa ae Seine eet Dian UR 90 

TORE PIG hc. chee Mee Ne SL 91 

MORES ECT i BNE Ee ad AO A 9] 

RetUMET AINE lie UDT be res oe RN eee ey Ae a Sa 83 

PWS Ti eseee et ge Ae MT ON 2:8 HN Ie 89 

[SERS TT ge Seat a ao ON ee ee tS A Sn NRIN y lace 76 

WOT operat as eet Roe ih MOORE Sitloe s 89 

PROMI ace Semis see ot hse in Reo 30, 34, 91 

MRREGESSIESe CULE ba < ether ii ae are a cane 88 

SS UENO E 9 Berhad te tia Nehari wie 92 

SN OS Se a a A 2 ci Manne RANE alias 90 

OTE GL AWTT AS a SMR Pe Ua RO Me ED nals CRT 87 

Sebi cl (MUGS Seat aa Se ADE ge Ne AL EO 90 

TYAS Ga Wh Sete pe usa ee pn ate ere na MUM ae Fi OA 92 
Frankliniella 

UMUC DEPT OSH Wet ear Nae eh Sean she ANE od 86 


Ul GON UL! Nees aM ee, Athen ig ca Ba Rc oan 84 
Cherny ey eT ae aR ROR Yeah eae othe 82 
GRATIDEBEY, ffi ih ea onrsnet SIs oon nek A Pe 83 
PLCC Te awe eee aes BNN or Leet SOR CEN 84 
PASDDELLY Aas sttaraiestvpiim ee MG Seen 86 

PUTS AUST eee ats a eee anne 3-19 
LOR tos. Gia ita Rein Semen aR TEE AP. ck ella a ae a 13 
cehwlenevoxiden: (27 jeans ea 4, 11-13 
hydrocyanic acid sas acs eecay Lebe dy 1S) 
methyl bromide iy 2.6) (8. 20h 1S ae. 

| EVUUSIH CORY E50) 6 Maa Mee re certo We ties great pasar ats 3-19 
EMC UE UDI Se eet Uies Aea! Diet oun Oak a etait 3-6 

Galls 
UDO TR UC aey oat ose VGA EE Cae ae BO;nco7 
PINE COME WHTOWE 2. ne hac eS 34-42 

CASE CTO PIU MAUS aie ee sree os nee. a 89 

Graphiphora 
O/T OVIT 1) Re cca oes eeh AAA ON 5, 82 

Graptolitha 
OG RUC UH ENA NON SAk SON hala tn Sahat 84 

Grasshoppe?rs ............ 30; 33, 38, 49,166, ‘70-72 
GavOlimary Cea er me ne ah hee: Wi ae 53 
Gleam WINGedy ere Cee asain ans Ne 52 
leSSehyMIeALOby ise Ne ON 53 
Jombehermedy sir ait CON ose vas, sees) 
TEC COO CUE Me Wire eR LRT etl De 53.71 
BWEE-SULT PEG spice ees rea ek ae saul ee Spee ete 53 

Grubs 
CAGED SiON Sees ROE SR aan en hE 89 

Gy icra et ek ies as eases Rr cls re hia at 53 

Haemolaelaps 
MCS UUCTINGLESY Rattner at Ok ate Sree Smead 92 

Haplothrips 
FOUR, Oe s Meer dei Neda AP tesa 297 OF 

Heliothis 
DUTUIGOR GN aici ere cea aU Ree Tia, Oma | 52 
UL CSC CN Serene eh Banca tea nae aaa 52 

Helotropha — 

REMUROTITUUS Ree Ne ee tt el FAO OY 76 
IELemiipteraur Sas sedal opus Zoe at dt sy ern rates 5] 
Heterodera 

UCU Le seater af, Va RE Ta Le ar 73 

DOLULICU CIE: ines CONE ee sa A eens 73 

PRTEMOUL EO Ss Naess ete. Ndgh lads sien 73 

CCI AGIUELI ON, si ee ee a a ted lee qa 
FI CtenOdenicdae SOAs ig hal Ca ONAN hls 53 
Lineil OXSVG TEU ee eeeeain Game Se eth heat. dente Mee 28 
Hippodamia 

COWMUCT ACIS ser ere een aa te so ah oath dade 49 

trideenmpunciata: -CtDiaQlis = 2..c..2. hh. ihs 49 
Hofmannophila 

PSCUMOS DR CHE IG PA se use en ak 93 
PLOMMOP RCRA oie ter or Wee Sia ease ke ee sites Sl 
Hornworm 

LOWACCOS Stree cee eee tl e.. 52NELL 

LOMATOR oe ee ee AS OZ Lie Ok 
~ Hunter 

MNASKCCLe Ae Peee OE Se Ms Ls ers a8 91 
Hyaliodes 

LCEGT OZ EANE, cian Lah eg 2s Sa 87 
Hylemya 

GUIGIUN EES see oe NG Cae ci) Fee BG. 50 

ERALOE] GVO Se Ne a See sai ea 80 

LOT Somteny ade eee eS a 80 

[DUTY STOEL ON <a k O a y re eR 80 


Ply MMeEMOPEeh ans Mead it...) daa) 90, 39-41 
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Hypera LOSE eres See | eee 8 8+ 
BUOTLVOSITIS. Sec ea ee 75 SIX-SPOLted: Akc.0. 2 a 16,2 
Hyphantria white apple ..0... Je 84 
PERL OR Asc. lo ter nee as OR CE 86 Leaf roller 
PPV POUCTRIGR 2 Rak eee ee ee 89 fruit trees... 84 
Hypolithus gray-banded .............. i 84 
WUOCTUTIVUS, Co eee. Geen ate Re 74 oblique-banded = ........ 2 84 
red-handed. “20 3.2... 2 84 
Strawberry. :\.0.3-.5.. 2 84 
RASEGUS | 48 r aahe Blakeney te Pee memes aie ies 49 Lecantum, 2... b..000. 24 86 
Insecticides Leeches)..0.005...4.. Je 89 
aiden 6 aes 19-22, 55-57, 61-63, 65 EO PtQCts oc ine ih ate 40-41 
arsenates Oly lead= eae Naa Corie. oon _Leptinotarsa 
BEG a 5 Se a Sacte Rec ae es eee e 55 decemlineata x2... 23 49 
chlordane 3c ee eS 55-57,61, 65 Leptothrips 
Del RP eee Maks Re 26, 49, 58-59, 61, 63, 65 MALL © oe cle eee 87 
Gield#it 45 e353 es ee 19-23, 62-63, 65 Lepidoptera :2& 2. ee 36, 43, 51 
2 (06S | Oaths eRe en aria cage 19-22 Leucania 
heptachlor ce =" ee 55-57, 62-63, 65 farcta roseola’ 3 eee 70 
iiyman ‘compound, 26955 2.20... Seas 19 Limacidaé © ........05.....23 53 
Hyman compound 710 et ey: 19 Lionas ak. tee PEM Ne tee 74 
ISQOIIN. s 3.05 pa ere. Oe ee eee ees 19-22 ASONUS > 2.. baat Bae 5% 
Rana ame 5. Be cee sae 55-57, 61-63, 65 INfFUSCOLUS! 2.00..an eee 50 
IMEC OXY CHIOT Hee ch ee 26 Locustidae: .22... 3 eee 52 
parathione hs tes eats, aed Cae 55257 Looper 
toxaphene: 2 0c. ter ere eee ene 22-23 cabbage -4... 5.046 eee i mae Cc Rea s?/ 
Insects Lucilia 
field chop 1s ee ee 74.78 illustris ©. ee 89 
GRU gaya ee eRe ee ae 81-87 LY ZOCETUS oa eeieee eee ieete Reece cee 36, 39, 41 
peneral. feeding... "0-74 Lygus stan ded sea. ot ee See 76, 85 
preenhiouse *.. 0 Sy se ees a 87-88 COMPCSENIS ose cae 8b 
OSC Olde cake ee ee 90-92 nigrosignatus Jalil y. eee 69 
lecume-pollinatine =. 20 8. ee 76 ODUIMCALUS anes iesseeeseeeeteeteeeeeeeetts 51 
PIVESLOCK sete. t05 NR eee ee eee ee 88-90 
omnamental plant. t5.< oe 4a ae 87-88 
SVOrn Felaier Meer eNe ude eem ale miees nue Tea OPE E 86 Macrodactylus 
SEOLEO SOT aN 33. ose gk Soe Coe 92-94 subSpPinosUS. ~~). 02. 50 
StOred = products wes. .0. Pike dete ees 92-94 Macropsis 
SUNMMO WOE: ne ets oe fae Pete Me ee 77 fuscula 26 eee 69 
POW ACCOL = Ses Meee ROS LS 48-54. 77 Macrosiphum 
1; SES) RY 0) NRE eke eRe iN es Ctetioes Faas Tagen. 78-81 solantfolit..c.3 eee 78 
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RECENT LARGE-SCALE OPERATIONS IN INSECT CONTROL 


During and since World War II large-scale insect control operations were not uncommon. 
The Programme Committee felt that discussions of some of these would be of interest and 
value to members of the ‘Society and guests. Dr. Hubert Martin introduced the subject and 
the speakers and led the discussion. The following. presented papers: E. J. HAMBLEION, Plant 
Pest Control Branch, U.S.D.A.; B. W. FLrecer, Forest Protection Limited; H. E. Gray, Division 
of Entomology, Ottawa; and A. W. A. Brown, University of Western Ontario. 


RECENT PROGRESS IN THE ORGANIZATION AND 
CO-OPERATION OF INTERNATIONAL LOCUST CONTROL 


Epson J. HAMBLETON 


Plant, Pest Control Branch, U.S.D.A., Washington, D.C. 


Perhaps no other insects have attracted more attention or lend themselves to large-scate 
control operations as well as do the migratory locusts. Likewise, from an international point 
of view, no other insects constitute so great a potential danger to food production within the 
many countries inhabited by one or more species. The desert locust, Schistocerca gregaria, has 
plagued the Middle East, North and East Africa, and South Asia for centuries. A closely related 
species, Schistocerca paranensis, is active in South and Central America. Other migratory species 
are common in Africa, the Mediterranean area, and Asia. 


In reviewing the organization and co-operation of international locust control, I will confine 
my remarks chiefly to the desert locust, because it is with this species that we in the United 
States are most concerned in our program of technical assistance in the Eastern Hemisphere. 


From Biblical times to the present day the desert locust has menaced crops throughout the 
vast area over which it ranges. Literature on the locust problem published in about a dozen 
languages is voluminous. But only within recent years, after much painstaking research and 
field exploration, have entomologists voiced the opinion that locust plagues can be predicted 
fairly well and brought under control. Until World WarI much speculation existed regarding 
the behavior of locusts, the mass movements of “hopper bands”, and migrations of swarms. 
No one knew where they came from or where they went. As the knowledge of their life history 
and behavior was gradually brought together, much of the mystery of how plagues develop was 
cleared up. 


Most important was the discovery that between plagues the desert locust reverts to a grass- 
hopper that leads a solitary existence. The phenomenon of phase transformation is believed to 
be related to population density. The relation between climatic factors and the development 
of the solitary and gregarious phases has been the basis of continued research ever since Uvarov 
and Faure shared this discovery in the early twenties. These two scientists were able to explain 
how locusts managed to exist for long periods between outbreaks. 


Since recent strategy in locust control aimed at ihe prevention of outbreaks, it was necessary 
to find out where locust swarms originate and what causes them to swarm. Answers to these 
questions were eventually found for two locust species, and it was learned that there are many 
Outbreak areas, some of which are not yet clearly defined. Miuch of the present-day locust re- 
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search consists in studying the outbreak areas and conditions that influence swarming of the 
desert locust, as it is not yet known with any certainty where recent plagues of this species have 
originated. 


Solution to the locust problem will probably come only when man has removed such physical 
and political barriers that stand in his way. It seems from recent achievements that removal 
of these barriers may be the easiest way to prevent the formation of swarms in outbreak areas. 
Locusts breed, migrate, and cause damage almost continuously, every month of the year in one 
part or another of their wide geographical range. Locust depredations do not always recur 
annually, but come in cycles of several years. Countries faced with imminent danger at any 
particular period make frantic efforts to organize their defenses at considerable cost, but in years 
when locusts are of less importance, populations are permitted to build up again until they recur 
as plagues. Z 


As more emphasis was placed on the locust problem over the years, it became apparent that 
the efforts of an individual country were not enough. Locusts were not respectors of national 
boundaries. Swarms of desert locusts migrated from country to country, flying thousands of 
miles. Control measures applied in any one country often saved the crops in a particular season, 
but it had little effect on the overall locust situation. 


Such tremendous obstacles as mountain ranges, vast stretches of desert, and lack of trans- 
portation and communication facilities in thinly populated areas have deterred man’s ability 
to cope with the locust. The same obstacles have likewise hampered the efforts of governments 
and entomologists to overcome what might be called indifference toward a problem that is truly 
international in all respects. The initia] attempts to hold international conferences for discussion 
of the problem were none too successful. After increasingly serious outbreaks that developed 
into plagues of many years’ duration, the attitude of peoples has changed as knowledge of locusts 
has increased and was mide available to all concerned. 


To the Government of Great Britain and her able scientists we owe major credit for the 
present-day concept and policy on most matters pertaining to locusts and their control in the 
Eastern Hemisphere. The work of the Anti-Locust Research Centre in London, under the 
direction of Dr. B. P. Uvarov, has been the focal point from which modern large-scale prevention 
and control activities have developed. This independent institution assembles and analyzes in- 
formation on locusts for nearly the whole world. From this information forecasts are despatched 
to all interested governments. The Centre also advises on research and control of locusts. 


Largely through the inspiration emanating from the Research Centre, locust experts from 
Britain, France, Belgium, India, Egypt, and South Africa undertook systematic explorations in 
the field. A new spirit of co-operation developed as these and other scientists began holding 
annual conferences to exchange information and plan programs in research and control. Today 
almost every country affected by locusts has its experts and locust-control organization. 


International conferences on locust control are now common. This bringing of nations to- 
gether to exchange scientific data and reach agreements on principles of locust control has been 
stimulated by a greater demand for agricultural commodities in the underdeveloped areas. Close 
co-operation between nations and the sharing of knowledge with each other through friendly 
personal contacts are as necessary toe success in the solution of the locust problem as they are in 
solving any other international problem, be it political or entomological. Our meagre exper- 
ience in providing assistance to nations affected by the desert locust during the last three years 
has demonstrated that the willingness to work together toward a common cause can be achieved 
in spite of certain handicaps. We are glad to have had an opportunity to help alleviate the 


problems underlying unrest in offering some assurance that food crops could be saved by prompt ; 


action in controlling locusts. ‘The reluctance by people to plant in areas known to be subject 
to locust damage seriously affects agricultural production and stability. Thus in meeting the 


challenge the United States Government helped to renew confidence and restore faith of the 


people of Iran at a period when they were in need of outside assistance. 


ih 
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Our participation in locust contro] in the Middle East stems from a request for assistance 
made by the Government of Iran in the spring of 1951, when that country had one of its worst 
invasions in eighty years. Similar requests were made to the United Kingdom and Russia. It 
Was not a matter of arousing interest in what might best serve Iran under the Point Four pro- 
gram. It was a question of material aid at a critical period. ‘The Iranian Government requested 
insecticides and specified benzene hexachloride, a product with which they were familiar and 
which was the principal ingredient in the poison baits they had been using for controlling the 
desert locust. The supply of BHC requested by the Iranian Government was not readily avail- 
able in the United States at the time. The insecticide aldrin was available and could be prepared 
for air shipment immediately. Although the Iranian entomologists had had no experience with 
aldrin, they were eager to accept it as a substitute for BHC when informed that the United States 
would also be willing to send eight small spray planes with pilots and an entomologist to direct 
and co-ordinate the work. Within three weeks from the time of the request, fourth-instar hoppers 
were being attacked from the air. 


In the course of 3 months, about 53,000 acres were sprayed in 18 widely separated localities 
in southern Iran. The areas selected for spraying were those in which the immature locusts were 
rapidly approaching the adult stage, when they were likely to migrate northward into the better 
agricultural areas of the country. Aldrin proved highly effective when applied at the rate of 2 
to 3 ounces of technical material in | gallon of Diesel oil per acre. Fields of wheat, barley, and 
other crops, as well as date palms ard pasture lands were sprayed where concentrations of locusts 
were heavy. From 95 per cent to complete kill resulted in 24 to 48 hours. 


The remarkable feature of this emergency program, carried out as part of the Point Four 
program of technical co-operation, is the rapidity with which the project was outlined and the 
machinery set into motion. It demonstrated that nations can work together to meet emergency 
situations. At this point I wish to call attention to the help that the Point Four mobile air unit 
received from Iranian and British officials. Much credit for the project’s success was due to 
officials of the Anglo-Iranian Oil Company at Abadan. They contributed fuel for the planes, 
Diesel oil diluent for the insecticide, and transportation of both these items and the insecticide 
to the infested areas. ‘Two English entomologists joined the combat forces in helping to locate 
the most strategic areas for control operations. English aircraft also played an important part 
in the campaign by flying in severai tons of BHC for use in poison baits. They also transported 
personnel, equipment, and supplies to areas of field operations. 


The Iranian anti-locust program was well organized in 1951. The area of infestation was 
carefully patrolled for observations on locust movement and egg laying. From 12 to 15 mobile 
units, for which the Iranian army supplied trucks, operated in patrol work and transportation 
of personnel and poison-bran bait. The local organization accomplished excellent results and 
co-operated effectively with our airplane-spraying force. This emergency aid on locust control 


_ to Iran clearly indicated how modern techniques can be applied successfully in programs of 


technical co-operation with other governments. It also proved that aldrin was effective against 


the desext locust and that this species could be controlled by spraying with aircraft, a method 


hitherto untried in that part of the Middle East. It also increased the confidence of locust- 
control officials in other countries. During the initial operation in Iran observers from Pakistan 
and India were on hand, and it was not long before official requests from these countries resulted 
in similar assistance and control demonstrations. A total of 16,600 acres were sprayed in Pakistan 


and 5,300 in India. In Pakistan it was discovered that oil diluents were not required for the 


60-percent Aldrin concentrate but that water served the purpose just as well at considerably 
less cost. 


This direct aid to Iran, Pakistan, and India in the spring and summer of 1951 stimulated 
interest and threw a new light on the locust problem throughout the infested areas. Several 
meetings were held in Washington to consider what further measures might be taken under the 


_ technical-assistance programs. Officials of the Department of Agriculture and the former Tech- 
nical Co-operation Administration of the State Department, which then administered the Point 


6 REPORT OF THE ENTOMOLOGICAL 


Four program, agreed to set up a long-term project of technical assistance to countries in their 
struggle to combat locusts and preserve their food crops. ‘The United States was prepared to 
give this kind of aid at once. We already knew enough about killing locusts to suggest a practical 
pregram that would appeal to the afflicted nations. Our own Congress favored an action pro- 
gram and did not expect Point Four funds to be expended exclusively, or to any great extent, 
on research; yet we realized that research in all phases of locust control should continue. 


In September 1951 plans were formulated for a regional locust-control program to be operated 
by the echnical Co-operation Administration in co-operation with the U.S. Department of 
Agriculture. The Food and Agriculture Organization of the United Nations, realizing the need 
for stronger co-ordinated organization between countries, called a conference in October. 
Delegates from 13 countries met in Rome. Plans of national campaigns submitted by various 
countries were reviewed, and recommendations were made for means of providing supplies to 
countries in need of them. ‘The FAO council, approving these recommendations, established an 
Advisory Committee on Desert Locust Control. On this Committee are experts from Egypt, 
France, India, Iran, Pakistan, United Kingdom, and the United States. It has been meeting once 
or twice each year to discuss locust-control strategy, appraise the locust situation, indicate 
priority of infested areas, and advise the FAO on policy. 


FAO, prior to 1951, had made some progress toward international co-ordination of locust 
control in both the Middle East and Central America, but was unable to contribute financially 
or in any other material way to the existing control programs. The advisory Committee held 
its first meeting in Rome in March 1952. By that time a regional project had been set up and 
approved by TCA in the Department of ‘State. It provided for small spray planes and insecticides 
to be used under the direction of a United States entomologist, who is also the United States 
representative to the FAO Advisory Committee. The technical aid would be administered under 
bilateral Point Four agreements with countries in the desert locust area. 


With FAO’s new role in this work and direct aid made available by the United States, every 
means was taken to arouse the interest of these countries in what might be done under technical- 
assistance programs. It was believed that FAO could be most effective in what might be called 
the political organization of the region for the acceptance of a campaign. Since FAO had been 
operating other programs in many of the countries affected by locusts, it was believed that its 
technicians and officers could facilitate entry and bring about co-operative action more promptly 
than could any single government. 


At the Rome meeting in March, FAO offered to provide $500,000 under their Expanded 
Technical Assistance Program during the 1952-53 campaigns. This amount was allocated for 
trucks, sprayers, dusters, airplanes, and insecticides under bilateral agreements with member 
nations in the threatened areas. Some of this equipment and supplies were air-lifted to save 
time in meeting demands. Reserves of supplies were also placed at two geographical points 
where they could be readily dispensed to the areas in need. O. B. Lean has been in charge of 
FAO’s contribution to locust control. Mr. Lean was chief locust officer of the Middle East Anti- 
Locust Unit during the war years, and he headed the East African Desert Locust Control Organ- 
ization when he was called to his post in FAO. 


The work of the Desert Locust Survey and Control Organizations of the East African Com- 
mission is well known in all locust-infested areas. Staffed with approximately 150 officers and 
administrative personnel and operating in 11 countries, these two organizations have accumulated 
vast information and experience on locusts and their control. Forecasts emanating ffom the 
Anti-Locust Research Centre in London are based largely on reports from officers of the two 
organizations headquartered at Nairobi. United Kingdom locust organizations are sympathetic 
to FAO’s role in locust control and consider it of value in planning toward more permanent — 
organization. British experience has been invaluable to FAO and all afflicted countries. 


In 1952, as in previous years, the United Kingdom bore the brunt of all locust control in East 
Africa and the Arabian peninsula. But swarms of locusts escaped and moved northward, across — 
the Red Sea through the Arabian peninsula. By mid-February they had fanned out into the ~ 
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Kuwait Province, southern Iraq, Iran, and Jordan. The rapid expansion of the plague was re- 
cognized as being due to a failure to conduct adequate control operations the previous season. 
All attention was turned toward the Middle East. Locust breeding occurred largely in the desert, 
and if uncontrolied, new swarms would penetrate agricultural areas and could cause extensive 
damage. The plague would consequently spread to other areas and become of greater importance 
in Pakistan and India. 


In the spring and summer months of 1952 we witnessed international co-operation in action 
as never before. Other countries came to the immediate assistance of those most severely at- 
tacked. There was free exchange of essential supplies between threatened countries. 


In northern Arabia, the British Control Organization was assisted financially by the Sudan 
and Kuwait. Teams from Egypt, Ivaq, Syria, and Jordan also assisted in the area. In Jordan, 
the local government waged a successful campaign against a severe infestation. FAO provided 
some material aid, and the Arab Legion proved itself an efficient control force. Early in April 
two American Point Four spray planes were despatched to southern Iraq, where they operated 
in 10 communities in the desert south of Basra. Locusts were controlled on about 100,000 acres, 
of which 12,655 were treated with insecticides by the two planes during a 7-week campaign. 
Aerial applications of insecticides were Gemonstrated under various conditions that were difficult 
for ground control work. 


The infestation in Iran, where egg-laying was reported to have covered over 1,500,000 acres, 
was unusually heavy. Nevertheless, Iran’s locust-control organization was fully mobilized, and 
its Army took an active part in the heavy transport. Preparations for the Iranian campaign 
offered one of the finest examples of international co-operation in pest control. India, Italy, 
Pakistan, Russia, Turkey, and the United States all co-operated by supplying insecticides, bran, 
spray equipment, trucks, jeeps, and planes. FAO provided 18 vehicles and one ton of insecticide 
and shipped 13 tons of insecticides by air from India. Aerial demonstrations in Iran, like those 
in Iraq, were conducted where locust infestations were most serious and where planes could be 
used to advantage over ground control operations. 


As the season progressed the campaign extended into Pakistan and later into India. By the 
end of May four U.S. planes and pilots were assigned to Pakistan, two based at Panjguar and 
two at Sakrand on expected locust flyways, to operate on incoming swarms. Infestations were 
light and scattered, but by October 1 became more intense. By October 28, 616 loads of insecti- 
cide had been sprayed on 30,640 acres. Three planes sent to Jodhpur, India, in early July operated 
in five localities. A total of 21,955 acres treated in India gave protection to an estimated 250,000 
acres of crop and range land. : 


The U. S. Regional Locust Control unit has supplemented the efforts of various national 
and international agencies, including FAO, in the fight against locusts in countries of Asia, the 
Middle East, and Africa. Previously control efforts were confined almost exclusively to ground 
Operations consisting in applying poison baits by hand. Control operations of this kind, con- 
ducted largely on an individual country basis, proved only partially effective because of the vast 
and inaccessible areas inhabited by locusts and the difficulties of transportation. The Point Four 
regional operations have added aerial reconnaissance and spraying, which not only have in- 
creased the effectiveness of the ground operations but have added a distinct control measure which 
has met the approval of governments wherever it has been demonstrated. In addition, they have 
served as a basis for the important function of co-ordinating the efforts of the various nations 
within whose borders locusts must be combatted, and thereby contributing to progress in inter- 
national co-operation by these nations. 


The Regional Locust Control Program is an outgrowth of the successful operation under- 
taken by the Technical Co-operation Administration for 1951 programs in Iran, Pakistan, and 
India. It was enlarged in 1952 to provide for regional operations at the request of co-operating 
nations. The operations are co-ordinated under a field office located at Beirut, Lebanon, which 
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is supervised by the Bureau of Entomology and Plant Quarantine of the U.S. Department of ~ 
Agriculture under authority delegated by the Foreign Operations Administration. In the fiscal 
year 1952, nine Piper Cub airplanes, equipped with the necessary instruments, spraying gear, 
and spare parts were purchased and placed at the disposal of the program director, who is in 
charge of the Beirut headquarters. In addition to the program director, William B. Mabee, — 
who helped control western grasshopper outbreaks for 18 years before accepting the foreign post — 
in 1951, there is a stafl of four entomologists and one administrative assistant. The planes are 
operated by nine pilots and mechanics provided for under a commercial contract. The planes 
usually operate in units of three, with an entomologist supervisor over each unit. The program. | 
director is authorized to dispatch them to any country with whom bilateral agreements to meet 
locust outbreaks have been signed and to adjust the program to best fit the needs. — 


Briefly, the objectives of this program are (1) to assist the countries of South Asia, the Middle — 
East, and Africa in the control of the desert locust through the demonstration of aerial spraying — 
techniques and reconnaissance as a supplement to other control measures used against the locust 
and other insects; (2) to assist in the training of native pilots and mechanics to provide for the — 
continuation of aerial spraying, and in the training of local entomologists in field survey and 
control methods; (3) to give guidance and assistance in the co-ordination and execution of aerial — 
and ground control activities; and (4) to promote international ‘co-operation by working with 4 
technicians and authorities of individual nations and other agencies concerned with the control — 
of the locust. 


To date, the regional program has served Iran, Iraq, Pakistan, India, Jordan, Ethiopia, Leba- 
non, Saudi Arabia, and Libya. Spray demonstrations have been conducted in six of these count-— 
ries. Agreements with countries are for one year, but may be extended or amended according 
to the needs and availability of funds. 


The total cost of this program to the United States has been less than $400,000 annually. This — 
is a fraction of the cost sustained by all the participating countries which is estimated to be 
approximately $12 million annually. The U. S. Regional Locust Control Program is not in any 
sense a give-away program. Participation of host countries consists largely in providing (1) ground ~ 
support for aerial spraying, gas and oil for the aircraft, and assistance in their maintenance; — 
(2) transportation of insecticides, fuel, water, and other supplies; (3) lodging and meals for U. S. 
personnel when not otherwise available; (4) trucks, jeeps, and hundreds of laborers; (5) imsecti- 
cides and bran for baiting in ground control; (6) technicians to supervise their own operations — 


and co-operate with the regional control personnel. 


The objectives of the Regional Locust Control Program have received popular and govern- 
mental acclaim in the Middle East, South Asia, and Africa. The control of locusts will enable — 
the people of the countries to increase plantings and employ improved methods of production — 
without fear of heavy losses caused by the insect, which has been a menace to the crops of the — 
areas from time immemorial. It is further evident that there is available in the western world — 
the technical knowledge, equipment, and materials necessary to assist in securing economic control £ 
of the locust. The program is credited with saving many thousands of acres of farm crops a 
Le It has also stimulated nations to pan tse their own budgets qu control ae and 


eee in co- distin control activities, it is believed rat the locust problems of the Middle < 
East, South Asia, and Africa can be greatly diminished, and that the people of those areas will be 
properly organized and prepared to cope with the problem more effectively both nationally and — 
internationally. 
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FOREST PROTECTION FROM THE SPRUCE BUDWORM 
IN NEW BRUNSWICK 


B. W. FLIEGER 


Forest Protection Limited 


We need to remember from time to time that Eastern Canada is still a forest country, how- 
ever many other wonderful attributes it may have—a country for the most part of coniferous 
forests. From whatever vantage point we view it, we never see more than an infinitesimal part 
of the whole forest and therefore, we need to remember, too, that in extent and character it is 
one of the greatest sources of valuable wood material in the world. 


Many of us have still to find out through experience that this forest is a wild and natural 
jungle and not, in any respect, tame or artificial in the sense that it has been grown and tended 
by man. 


Perhaps we should forget to some extent a feature of the forest which so strongly impresses us 
as to mask from our eyes much of what goes on within this natural dynamic complex. I refer 


to its stability—stability in the sense that the forest has persisted from a point in time far back 


in antiquity down to the present. To nature lovers, sportsmen, woodsmen, entomologists, and 
others alike, the forest has given this impression of stability—all too often, and to too many it 
has been the stability of the full-rigged ship in the wine bottle—so little does it seem to change 
in our eyes from day to day. 


In order to get close to the life of the forest we need to cultivate an alertness of mind toward 
the time dimension. ‘Fhis is so necessary in order to describe change and especially so is it in the 
study of forests in order to appreciate the grand manner in which nature rotates its crops of trees. 


‘The number of tree species, native to the forests of Eastern Canada, is unimpressive. Not so, 
however, are the combined abilities of these trees which are sufficient to keep the land in growing 
forest under natural conditions. 


At the very top of this list we must give place to the often discredited balsam fir. This species 
of tree can tolerate a wide variety of growing conditions. It can succeed itself for generations 
in certain situations and by infiltration, form a part of most forest stands at some time or other. 
It is a tree which matures early and is short-lived. Balsam fir is prolific in the production of 
seed. It is well known for its ability to become dominant in the forest in the wake of other 


' species though this may require more than one generation to accomplish. Fire seems to be the 
_ only immediate deterrent to regeneration of balsam fir. ‘There is not much doubt but that it is 


the favourite host of the Spruce Budworm. It has become important to man—chiefly as raw 
material for pulp and paper. 


From time to time great populations and volumes of balsam fir are to be found in the forests 
of this region and at all times a considerable amount. At any time there is the possibility that 
an outbreak of spruce budworm will occur in a locality where the forest condition is able to 
siipport it. In those times when there is a preponderance of balsam fir throughout the forest 
region such an epidemic may be extensive and progressive. The present epidemic is a case in 
point (1935—). But there have been others in the past, (1910-1921), (1805-1815). It is a fact 
that the position and amount of balsam fir in the forest region has varied greatly from time to 
time for ages past, and that the spruce budworm has been closely associated with the changes. 


Apart from the array of plants which make up the forest scene, and the many combinations 
of plants that occur, one is impressed by the apparent long history of wild fire in the forest. 
If, seems strange, too, that much of the forest which man has found most attractive and in which 
he has carried out operations for wood has been of the kind that has grown after fire—the famous 
pineries of the early settlement days and the very common even-aged spruce-jackpine pulpwood 
forests to cite only two examples. 
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There is not much doubt that all of the very large forest fires in the history of the entire 
region have been made possibie through the action of forest insects. Extensive damage from this 
source is the only way in which a fuel pile can accumulate on the ground at one time over ex- 
tensive areas. Lightning has ignited such fuel piles in the days before matches, and is still 
doing so. 


Nor is there much doubt but that investigation will prove the existence of a highly signi- 
ficant relationship between balsam fir, spruce budworm and forest fire. It will indicate also that 
in nature this relationship has produced in large measure the gross pattern of change in much 
of our forest land. Perhaps it may show that there is a connection between these changes and 
the sustained ability of land to produce forests. 


The signs of wholesale alternation of forests abound throughout the boreal and neighboring 
forest regions. The two principal faces of this rotation, namely forests after fire and forests 
susceptible to spruce budworm attack and the gradations in between are in the land for all to see. 


Because the entire coniferous portion of the forest region is never composed of just one of 
these two main kinds of forest so it is impossible for the spruce budworm in epidemic form to 
spread into all of the forest and feed to the point where in all situations trees are killed. How- 
ever, areas of forest which have been severely mauled by the budworm may be revisited by the 
same insect as soon as stocks of balsam fir have grown back in sufficient amount to support 
heavy infestation. This occurs when fire has been kept out. We have this very situation in New 
Brunswick today where we find budworm working through an area in which the same insect 
caused severe damage thirty-five years ago. So much for theories about changes in the forest. 


THE SPRUCE BUDWORM IN A NEW ROLE. 


‘The spruce budworm is a forest insect noteworthy, I think, for the immense tonnage of need- 
les which it has been able to consume during that long interval of time in which it has enjoyed 
complete anonymity. Lately in this period its depradations in the forest became a curiosity— 
this coincided with the very early settlement years, in which balsam fir and spruce stands might 
be destroyed and not be missed. Still more lately the budworm became a nuisance and an 
ageravation in the years when the timber trade was not unlike the fur trade. Of course there 
came the day when it became an object for study—as soon as there was an entomologist to find it 
on a spruce tree and label it for posterity. Finally, and very recently, and just in part of the 
forest region, has the full stature of the insect manifiested itself. Now for the first time it looms 
as man’s competitor for the same wood pile. 


This defoliating insect which prefers the succulent new needles of balsam fir and spruce is, 
as far as we know, the most destructive of our forest insects. It is native to the region and so 
are its natural controls. In low population levels no damage to trees results. Present in endemic 
numbers in the forest at all times and considered by some entomologists to be epidemic some- 
where in the forest region most of the time it can, at its peak of fury and voracity, kill all 
balsam fir and spruce within reach. ‘Trees of all ages may be killed, not only the overmature 
classes. It leaves in its wake a condition of high fire risk. 


Why the insect breaks its bonds from time to time is not completely understood. It is known 
that some forest conditions are highly susceptible to infestation and that certain weather cycles. 
of long duration seem favorable to the generation of heavy populations. 


There is no control known in nature to stop an epidemic. Entomologists know well its power 
to destroy and- have for some time been suggesting possible methods of control. I shall never 
cease to wonder at the collective power of billions upon billions of budworm larvae and how 
in the space of a few years, working about one month a year, this power can change the forest 
over thousands of square miles—something man could not do in ten times the time working 
year round. 
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THE FOREST HAS BECOME VERY IMFORTANT. 


One hundred and fifty years ago the forest was being exploited for litthe more than timber 
squares of pine and birch and for timbers used in the wooden shipbuilding trade. About this 
time the budworm ravaged the forests of New England and adjacent Canada. 


Introduction of the sawmill brought about an increased exploitation of the forest for sawlogs. 
The lumber business after one hundred years, still flourishes in parts of the forest region and 
up until the nineteen twenties, monopolized the forest scene. In all this time there was more 
forest than the industry was able to exploit. As far as I know this period was free of spruce 
budworm epidemics comparable in extent with the present one except in the years of World 
War I, when there occurred a widespread infestation of the insect with resulting heavy damage. 
The effect of this damage to forest upon the lumber trade was minimized by the great trans- 
location of business which took place soon after the insect epidemic subsided. The newsprint 
part of the U.S. pulp and paper industry moved into Eastern Canada and began to grow into 
the giant which it now is. Many forest holdings and old lumber firms merged into this new 
business. Some famous Canadian lumber companies became paper companies. In these days 
there were more timber cruisers in the forest than budworm and widespread insect damage was 
far from the minds of men. There was a great scramble for forest limits to provide the raw 
material for the new pulp and paper mills. 


Subsequently we heard for the first time in this region of plans for the orderly development 
of wood cutting and for the protection of the forest. Provincial Governments enacted legislation 
to control the use of Crown forests—most of the forest is still held in the right of the Crown by 
the Provinces. Forest industries since that time have spent large sums of money in making their 
forest holdings more accessible and in their protection of the forest from fire as well as on plans 
for the continuous use of the forest. 


Of course these events took place in New Brunswick as well as in Ontario and Quebec. 


FOREST MANAGEMENT IN A NEW ROLE. 


New Brunswickers, it is said, depend more on the forest for a living than do Canadians in 
any other province. In spite of its relatively small size, New Brunswick contains over 20,000 
square miles of forest, and a very sizeable portion of the country’s forest industry. For some time 
now there has been no surplus forest land: i.e. all forest land is occupied. 


When the budworm began the latest trek across Eastern Canada, its progress was watched in 
New Brunswick with crossed fingers. By 1950, any hope that the Province would be bypassed 
by the epidemic was given up. By 1951, there was general concern over the condition of part 
of the forest. New Brunswick International Paper Company was especially concerned over the 
fate of a valuable tract of limit which had been infested heavily since 1949. The Paper Company 
and the Province decided to do something to save this forest. 


And so it came about that a new step in the direction of forest protection was taken. ‘The 
same kind of step that had been taken long before to fight wild fire in the forest and although 
this fight has seesawed back and forth, it has never been given up. 


Before there can be waste or loss, there must be values, and after values comes protection of 
values—this is so in the forest as well as outside. When wood values become high enough, tole- 
ration of danger to these values on the part of those interested, gives way to positive action. 


It is natural that large scale forest spraying operations “brewed up” in northern New 
Brunswick, because all of the necessary ingredients are there. Let me list them for you: 


(a) Forest land all occupied 
(b) Most available raw material in forest susceptible to budworm damage 


(c) Spruce budworm in epidemic numbers firmly entrenched for some time 


<" Dae 
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(d) No sign of abatement in the epidemic 

(e) Industrial plants fixed in lecation 

(f) Close to 60% Provincial income from forest. 

When forest entomologists were asked about control measures they could suggest only spray- 


ing with insecticide and were not putting any money on spraying because it had not yet proved 
itself able to contre] spruce budworm. 


SOME HIGHLIGHTS OF FOREST SPRAYING — NEW BRUNSWICK 1952 


It was in September 1951 that the decision was taken to carry out forest spraying in the 
Upsalquitch region of New Brunswick in 1952. This left about six months to get ready. Fortun- 
ately there was considerable experience in this work to draw upon. There had been no extensive 
forest spraying operation in Canada since 1946. During the years 1945 and 1946 large scale forest 
spraying experiments had been conducted in Northern Ontario. Experience gained in this work 
helped greatly in the design of forest spraying techniques employed in the U.S. Pacific North- 
western States, where since 1949 extensive areas have been sprayed annually to combat the spruce 
budworm, which has been epidemic in th Douglas Fir region. 


The Paper Company undertook to plan and execute the project. Science Service, Department 
of Agriculture, was responsible for all biological control and co-operated closely throughout the 
planning stage of the project. The application of insecticide was carried out by contract and ~ 
payment for this service was by acres sprayed to the satisfaction of the customer. This required 4 
an intensive assessment of spray deposit and in doing so a very good picture of the distribution _ 
of insecticide was obtained. 


The following list is made up of items, which as far as is known are original, and are 
peculiar to the New Brunswick 1952 spray project. 


(1) A flying base was constructed in November, December and January in winter weather. It 
was brought to operational condition in June and used as the sole base of operations. This 
was located 65 miles from railhead. — 


(2) A fully formulated insecticide was selected consisting of technical grade DDT in the amount ~ 
of one pound to one U. S. gallon of formulation, the only other ingredient being a solvent 
oil. The whole shipment, almost 3800 drums, was taken, as delivered at railhead, by truck 
to the base where they were stored outside through a fairly severe winter. 


(3) A method of spray assessment was developed. ‘This employed paver coated with oil-soluble 
dye upon which spray left its speckled trail. Since the paper retained its story and was ~ 
sensitive to spray, wet or dry, over a considerable period of time, it could be used in many § 
situations in which glass or metal plate equipment was of no use. The design of assessment 
of spray was completely changed by this discovery. 


(4) Single-engine aircraft operated in pairs as a regular procedure. This was decided upon for 
two very different reasons: a. In the event a plane went down while spraying, it was thought 
that search and rescue operations would reduce to rescue because the location of the downed 
plane would be known; b. When there was a strong chance that the project would not be 
completed due to bad weather, it was easier to keep the sprayed area toward the perimeter, ‘* 
continuous rather than spotty by reducing the number of spraying units. Spray assessment — 
information indicated that a better distribution of spray was obtained in this manner but 
this was not the initial reason for the adoption of flying in pairs. ; 

i 


Perhaps the highlight of the operation was the smooth working of the aircraft loading-out 2 
plant. Though original in design, similar systems have been used in Oregon. 


The insistence on the part of entomologists that care be taken to have the best possible appli- — 
cation of insecticide of the standard theoretical dosage of one pound DDT per acre, indicated | 
their feeling that only a very high degree of control would justify the effort. 
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The project was carried out more or less according to plan though bedevilled by the vagaries 
of the weather. Spraying began June 14th with the larvae of the insect, on the average, well 
developed and with serious inroads already made on the new foliage. It was completed by 
June 29th, at which time the stocks of insecticide were practically exhausted and pupation of 
the insect was imminent. Twenty aircraft in this period made about 1600 sorties and carried 
about 200,000 gallons of insecticide, which was put out over about 200,000 acres of forest. The 
operation, except for minor elasticities, was rigid in plan. 


Results attributable to spraying were, according to the entomologists, little short of amazing. 
The insect population which before spraying was very heavy was almost wiped out. The kill 
was clocked in two systems of sampling, each of which corroborated the other. Strangely enough 
there seemed to be little correlation between amounts of insecticide deposited and kill. It is 
noteworthy to find this operational experience corroborated by research carried out at Kenora, 
Ontario, in the same year. The heavy kill was credited in part to saturation-spraying. ‘Trees 
sprayed early in the programme showed most benefit in new foliage saved. All trees showed some 
benefit. 


Spirits were high at this point, but not for long. In July and August a gigantic migration of 
moths took place. This was to spread the insect into thousands of miles of new territory. The 
sprayed area was engulfed. After egg-laying, it was found that the population inside the sprayed 
area was still not more than one third of that outside, but heavy enough, especially when ento- 
mologists estimated the density sufficient to clean off the 1953 foliage, and perhaps cause some 


backfeeding. 


» PROGRAMME GAINS MOMENTUM — 1953 


The reinfestation of the sprayed area, though disappointing, did not obscure the excellent 
results of spraying. The insect could be killed. Operations could be expanded if necessary. 

te : . : . : : 
Generally it was felt that the worst possible reinfestation after spraying had been experienced. 


Interest in the project was widespread. Active feeding continued in neighboring forest areas. 
As a result of 1952 experience, a demand grew for a continuation of the treatment on a much 
larger scale in 1953. 


In September 1952, the Bathurst Power and Paper Company, the Fraser Companies Limited, 
and the Irving Pulp and Paper Company joined with the Province of New Brunswick and the 
New Brunswick International Paper Company in an undertaking to spray 1,000,000 acres of forest 
ip 1953. Together they formed a new company—Forest Protection Limited—for the express 
purpose of planning, co-ordinating and conducting spraying operations in New Brunswick. 
About this time the Government of Canada decided to assist the Province of New Brunswick 
in its campaign to help the forest. 


It was urgent at this time of the year to secure additional bases from which to operate the 
large fleet of aircraft which would be required. Five airfields were located, surveyed and built. 
_ These fields were designed especially for the operation and consisted of two runways so that 
“an ‘ininterrupted flight pattern could be maintained during spraying periods. The detailed plan 
of operation which developed for the 1953 operation, in addition to being much larger than that 
for 1952, was quite different in that it was kept as elastic as possible. 


For most purposes the work unit became the gallon instead of the acre. Allowance was made 
in the planning for any advantages that might accrue through improvements in the spraying 
technique, especially with regard to stretching or extending the coverage of insecticide. In this 
way the final plan made it possible to reach into an additional area of infested forest if the 
project operators found themselves in a position to do so. One million, one hundred thousand 
gallons of insecticide were stocked ready for use in the spring of 1953. The sprayer fleet was 
increased from 20 to 77. This strength was decided upon because of the avowed intention to 
push spraying forward to the earliest possible starting date in order that new foliage might be 
saved, thereby increasing the total favourable spraying period and the available work for each 
| aircraft. 
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Prior to operational spraying, tests were conducted in the use of two sprayer aircraft flying 
as a team in tandem. Each pair was considered a spraying unit. ‘(he separation distance be- 
tween the planes of the pair was fixed as a result of these tests. It was decided that a lateral 
separation distance of 250 feet gave satisfactory results, and this was followed for the entire 
operation. This method witanout changing the single plane output resulted in an application 
of a much lighter dosage of insecticide, in fact half that of 1952 or one half-gallon per acre. 
More important perhaps was the increased ability—twice that of 1952— to cover forest area. 
There are other reasons which make it desirable to fly planes in pairs and although the carrying 
away of insecticide from the airfields is slowed down slightly in this system, all other features 
of this technique are compatable and seem to be on the credit side. . 


The net result of spraying in this fashion was that 1,800,000 acres, 400,000 of which were 
given a second application (seven to ten days later), were treated instead of the minimum area. 


Approximately 20,000 drums of insecticide were used. About 8,000 aircraft sorties were flown. 
The area covered was abaut one and one third times the size of Prince Edward Island. 


Spraying was carried out over a period of 35 days, some of which were unproductive. The 
project was carried through to completion at all airfields, and practically all the stocks of in- 
secticide were exhausted. 


Aside from the regular programme of spraying, Forest Protection Limited, in co-operation 
with Science Service, Department of Agriculture, undertook to conduct field trials with insecti- 
cide formulations. ‘These were on a fairly large scale and were conducted in a forest area con- 
taining a heavy budworm population. The results of this work will be useful in planning for 
the future. 


The 1952 operation was completed at a very high unit cost. The 1953 operation, because of 
the greatly increased size, the methods employed, as well as a drop in the price of DDT, suc- 
ceeded in cutting this unit cost in two. Costs were all on a pay as you go basis. It is possible. 
using the 1953 method, to apply insecticide again in the same areas, if it is required, at a unit 
cost much lower than that of 1953. 


The kill produced was not as spectacular as that of the year before, and was perhaps more 
highly variable over the entire area. The saving of new foliage was also highly variable and the 
results were a bit clouded in certain places because of the occurrence of late fiosts which killed 
buds and new foliage. After spraying had concluded at the end of June, surveys were made to 
assess results. 


An intensive egy mass survey showed that, in general, the population of budworm in the 
areas sprayed thus far, had been lowered to the point where the potential larval population in 
1954 can destroy only a portion of the 1954 foliage. This is the situation in areas sprayed in 
two consecutive years, twice in the current year and once only in the current year. 


Prior to the 1952 spraying the thinking in regard to control was confined to the idea of 
killing the insect population over a limited forest area. It was stated at the time that the con- 
templated spraying was not directed against the entire Dudworm epidemic, but only a small 
part of it and in all probability would exert no effect on the course of the epidemic itself. 


The attitude toward control and the emphasis in the spraying itself has altered somewhat 
since. ‘The experience of the last two years has brought to light some points which are elabor- 
ated below: 


(a) Where spraying is carried on in an area of forest which itself is surrounded by active areas 
of infestation there is no known way of estimating in advance the occurrence or extent of 
reinfestation. ‘This is in fact, spraying with the door open! 


(b) Reinfestation of sprayed areas does occur both from within and from without. After a good 
job of spraying very little is from within in the same year. Sometimes a sprayed area may be 
engulfed by reinfestation from without. This seems to depend to a great extent on weather 
during the moth stage. 
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(c) Regardless of the motives built into a plan of forest spraying, and in spite of an up-to-the- 
minute knowledge concerning development of insects and foliage, the weather keeps a tight 
control over the actual] spraying. Very often it is impossible to carry out operations at the 
most desirable times. 


(d) Provided the necessary bases are available for aircraft, and provided the necessity arises, it 
is possible to conduct spraying operations over larger areas in One season than have been 
attempted thus far. 


(e) In forest which is heavily infested it is difficult to confine spraying operations to bits and 
pieces of a general area which are of slightly older infestation. Apart from the difficulty it 
is questionable whether it should even be attempted without full consideration being given 
to the iikelihood of complete reinfestation. 


“ 


(f) There is no apparent strong correlation between the amount of insecticide deposited and 
the nature of the kill. Good results seem to go hand in hand with complete distribution of 
insecticide. 


(g) There is a decided improvement in the condition of the trees after spraying. Where the 
insect population is reduced to the point where some of the current year’s foliage is saved, 
this improvement carries further into the following year. 


(h) It is possible after successive applications of insecticide one year apart for trees to acquire 
much of their original vigor by the opportunity afforded them to build back a healthy crown 
of new foliage. 


These points and others have had a significant etlect upon the thinking of those engaged in 
spraying operations in New Brunswick, so much so that in the past year an attempt was made 
to acquire a technique which would prove faster in operation, cheaper, perhaps not quite so 
effective as saturation spraying, but a powerful deterrent to the budworm. Such a technique 
might be used whenever it becomes necessary to remove feeding pressure from trees. 


Some degree of success was experienced in this direction in 1953 which is encouraging to 
entomologists as well as foresters. ‘There is some opinion now in favor of repeated spraying of 
the same area whenever this is judged to be necessary, instead of reliance upon a single satura- 
tion application which might fall short of producing the desired effect. “Thus reinfestation of an 
area may to some extent be bypassed and trees may be kept alive. 


This is quite a long jump from the opinion held in the beginning of the spraying operations 
as to the ability of insecticide to kill a population. The concept of spraying a forest through 
an epidemic in such a way as to keep trees alive is perhaps not original but it is certainly original 
in the case of the New Brunswick experience. It leads the forester to believe that equipped with 
not too expensive a tool and provided the fringe effects are not too drastic, a limited area of 
valuable forest might be treated over a period of time as long as ten years (not every year). 
This might mean not more than three or at the outside four applications of insecticide. 


In forest spraying operations in New Brunswick we are not concerned as much now as former- 
ly with the dosage-mortality relation—instead we are trying to deliver some insecticide to every 
spot of the forest area in the spraying plan and are attempting to improve methods, reduce the 
hazards which are inherent in this type of work and place the entire programme in a position 
in which further treatments might be favourably considered. 


As far as operations have progressed, the results have been most encouraging. The forest 
spraying programme in Northern New Brunswick is considered good forest management, in that 
a forest situation is receiving the attention which it deserves and resulting actions are the best 
that can be devised at the time. 


While the current epidemic has been moving East into New Brunswick and Gaspe, a seeming- 
ly less positive (salvage) approach to forest management has failed to keep pace with the insect. 
Salvage and presalvage woods operations—how far away from this category have been the ord- 
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jnary wood cutting operations so far? It is known from experience, some of it very recent, that 
there is no comfort in the thought that insect damage can be balanced by cuttings after the 
damage. The truth is that forest industries neither now, nor in the future, will be able to 
salvage more than a small portion of trees killed in widespread insect epidemics throughout the 
balsam fir-spruce forests. 


Entomologists have said that there would be no severe outbreaks of spruce budworm, if 


balsam fir could be kept from maturing in large numbers.- This,-by itself, is a high-sounding, safe 


statement. Without a method to produce the result it becomes, in addition, completely un- 
realistic. How does one go about keeping balsam fir out of the forest and if that is not possible, 
how does one use balsam fir before it matures? 


FOREST SPRAYING IN NEW BRUNSWICK IN ITS THIRD YEAR 


Forest Protection Limited is planning to continue the programme of forest spraying over an 
additional one million acres of infested forest in 1954. This decision is taken after tonsideration 
of the nature of the infestation and the results of work already completed, particularly that 
in 1953. 


In this type of forest protection work we are living with an insect epidemic and are finding 
out how powerful it is. We are also finding out, by watching the trees as well as the insects, 
how important is the relief from only part of the feeding pressure to the individual tree. It is 
when attention is directed toward the host forest, particularly its reactions to insect feeding and 


>? 


to forest spraying, that there is the opportunity to decide what can be done in an emergency 


to save limited areas of susceptible forest of high value. 


It is encouraging to note how it has become possible to face up to a full blown epidemic in 
the forest—to note that while the forest has gained in value, the airplane evolved and became 
common. So also did the tractor and lately the inventiveness of man has extended to the syn- 
thesis of powerful insecticides notable among which is DDT. Thus has it become possible to put 
to use powerful tools, available for the first time in this region, in a time of insect epidemic. 


It is perhaps out of place to discuss the possibility of success at the present stage of such 
a large scale forest protection venture. 


The epidemic will undoubtedly subside. The unknown now is the date of its eclipse. Forest 
spraying keeps trees alive—of this there is no doubt. The outcome, then, unless some new trend 
appears, seems to depend mainly upon the relative persistance of the insect in epidemic form 
on the one hand and of the forest sprayers on the other. 


* 


SS 


FAO ACTIVITIES IN GRAIN STORAGE AND STORED PRODUCT 
' INSECT CONTROL’ 


H. E. Gray? 


The activities of the Food and Agriculture Organization of the United Nations are planned 
to accomplish two things, the solving of the problems of world food supply and the economic 
development of underdeveloped countries. One of the great needs at the time when FAO was 
organized was to make more food available to hungry people in many parts of the world. This 


was possible in two ways: to produce larger crops and to reduce the losses in present stocks. — 
The first is slow and at best uncertain because of the dependence on weather conditions. The 


iContribution No. 3184, Entomology Division, Science Service, Department of Agriculture, Ottawa, 
Canada. 
*Head of Stored Product Insect Unit, Entomology Division, Ottawa. 
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second would produce results much more quickly through the use of proved methods of storage 
and pest control. As a result, conservation of food grains through proper drying, storage, and 
pest control was stressed as a means of relieving the world food shortage. 


PROTECTING STORED FOOD 


I was a member of an expert committee called together by FAO in Washington in May, 1946. 
In the report of the committee is was estimated that the annual world loss of food commodities 
from insect infestation amounted to about 5 per cent, that from rodents about 4 per cent, and 
that from mould fungi about | per cent, or a total of about 10 per cent. This is equal to the 
amount of foodstuffs entering into world trade. The elimination of such losses would do much 
to end the recurring threat of famine in many parts of the world. It was felt that the greatest 
reduction of losses could be brought about in all countries by: (a) drying the commodity, if 
necessary, for safe storage, (b) housing it in weather-tight, pest-free storage, (c) inspecting it 
frequently during storage and taking prompt control action when infestation is discovered, 
(d) using transport rendered free from insects and rodents, and (e) exporting only clean, un- 
infested foodstuffs. 


INTERNATIONAL MEETING ON INFESTATION OF FOODSTUFFS 


The recommendations of this committee resulted in FAO calling an international meeting 
on infestation of foodstuffs in London in August, 1947. Twenty-seven countries were represented 
by 42 official! delegates and 21 observers. ‘There were formal papers, discussions, and visits to 
research institutions, storage warehouses, and industrial plants where methods of work could be 
studied. The recommendations adopted by the meeting were: 


1. Member states should accept the principle that efficient prevention and control of food 
infestation is essential to the conservation of the world’s food supply. 


2. Member states should therefore maintain, or establish, adequate organizations for the 
prevention and control of infestation at all stages from farm to consumer, with special emphasis 


on storage, processing, and transport. 


3. Special consideration should be given by all member states to the provision and training 
of the necessary technical personnel. Until more adequate staff is available progress will in- 
evitably be slow. 


4. ‘he utmost use should be made of the various forms of publicity so that producers, 
handlers, processors, and consumers may be informed in the proper care of food. 


5. Member states should collect information on the losses due to infestation and make the 
information available to FAO. 


6. FAO should ensure that an appropriate information service is available to member states, 
and FAO should co-operate with such established institutions as those that are administered by 


the Council of the Commonwealth Agricultural Bureau, notably the Commonwealth Institute 


of Entomology and the Commonwealth Bureau of Mycology. 


7. FAO should endeavour to arrange the loan of experts among member states for assistance 
in special problems. 


8. FAO should arrange for regional collaboration of experts, such as that already operating 
in Europe, and also for periodic world conferences, for the joint consideration and exchange of 
experience and knowledge. 


Much of the work of FAO in this field since 1947 has been directed to attaining these goals. 
It was necessary to focus the attention of the governments in many countries on the serious- 
ness of the problem within their own borders. This was brought about by a series of meetings 
called by FAO at which experts discussed grain drying, food storage, and insect and rodent 
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control in food storages. Delegates of the countries represented at the meetings reported on 
storage conditions in their countries and on the losses sustained where such figures were available. 
These general meetings were frequently followed by more technical ones designed to train tech- 
nicians in practical methods of control. 


REGIONAL MEETINGS 


A regional meeting of specialists on controlling infestations in stored foods was held at the 
Station of Agricultural Entomology at Florence, Italy, in September, 1948. Ten European countries 
and Keypt participated and were represented by 24 delegates. In addition, Italy had 29 observers 
in attendance. The purpose of the meeting was an exchange of technical information on methods 
of controlling infestations in stored food, particularly in grain. The emphasis was laid on simple, 
practical methods, adapted to the small warehouse and to farm storage. The printed papers of 
the meeting in London in August, 1947, were supplied to those in attendance. In general, the | 
same range of topics was covered in the Florence meeting; in addition to the discussions, there 
were numerous demonstrations, as well as field trips to warehouses, mills, and farm storages to 
view infestations and control measures under practical conditions. 


The first of the regional meetings in Latin America was held at Paimira and Cali, Colombia, 
in February, 1949. ‘This meeting was organized to focus the attention of responsible authorities 
or the magnitude of the problem within the area and the means by which pest control could 
be attained. The meeting consisted principally of the presentation of formal papers dealing with 
the control of stored product pests. Seventeen countries, including 12 from Central and South 
America, participated. ‘The reports of the delegates indicated that enormous losses of foodstuffs 
were sustained annually because of inadequate control measures. The meeting recommended: 
establishment of pest control organizations in all countries; conducting of surveys of the distribu- 
tion and abundance of stored product insects and rodents, and of the losses caused by them, 
where this has not already been done; and establishment of a standing committee of technical 
experts, one from each American country, to meet annually to deal with problems in the storage 
and preservation of grain and other food products. 


A meeting on infestation in stored foods was held in San Jose, Costa Rica, in April, 1950. 
The purpose of the meeting was to demonstrate control measures, to establish direct contact 
between technicians from different countries, and to organize a committee on the preservation 
of stored foods. The aim of the committee was the free exchange of information by mail or by 
special meetings, and the conference was essentially a practical session for those responsible for 
pest control with the emphasis on “how to do it”. Representatives from nine Latin American 
countries took part. The topics included grain storage on the farm and in commercial premises, 
grain drying, grain processing plants, warehouses, and the control of insects and rodents. 


AISSISTANCE TO UNDERDEVELOPED COUNTRIES 


The various meetings sponsored by FAO stimulated a great interest in food storage and FAO 
received many requests for assistance on grain storage problems. 


When a country requests assistance from FAO, the first step taken by the Organization is 
a survey of conditions within the area to be assisted. Frequently aid along a specific line is re- 
quested, yet an appraisal of the situation often indicates other, much more pressing needs. FAO 
is usually willing to initiate the projects requested by the country, but the FAO officers conduct- 
ing the survey always discuss their finding with the government officials concerned and in many 
cases further projects are initiated as a result. 


One of the greatest problems encountered by FAO is the need for integration of assistance. 
For instance, to provide more food a country may request assistance in setting up an irrigation 
project. This in turn involves technical assistance in agronomy, agricultural engineering, grain 
storage, and related activities. A development in one field makes apparent the need for help 
to deal with the many problems created by this development. After the increase in production 
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of foodstuffs comes the development of small industries within the country to provide things 
needed within the area. This raises the level of employment, which in turn increases the demand 
for consumer goods. As this process continues there is a gradual rise in the standard of living. 


No reference to the stored product activities of FAO would be complete without mention of 
the work of Mr. Stephen S. Easter. He was appointed in April, 1947, as entomologist in charge 
of stored products and grain storage. In this capacity he visited a large number of countries, 
conducted many surveys of storage conditions, and made recommendations to the country con- 
cerned regarding future programs of work. One of the outstanding tasks carried out by Mr. 
Easter was in Nicaragua. He was called there early in 1951 at the request of the International 
Bank for Reconstruction and Development as a result of a request from Nicaragua for a loan 
to construct grain storage facilities. In a two weeks’ period he conducted a survey of the situation, 
including the securing of the data needed by the Bank to judge the merits of the project. He 
helped the Nicaraguans to prepare a formal request for the loan. ‘This was readily approved and 
the storage plant was in operation about two years after the original inspection was made. Nor- 
mally the approval of such a loan requires about two years. It all sounds very simple but let us 
look behind the scenes for a moment. The size of the structure was important. It must be large 
enough to be economic but smali enough to be efficiently used. Because of the two-crop system, 
the storage plant would be used twice rather than once annually and a smaller capacity could 
thus be used effectively. The size of the plant and the number and size of the bins were cal- 
culated on the basis of the types and quantities of grain and the time of harvest. Corn, beans, 
and sorghum are all important food crops in Nicaragua. » 


The location of the storage plant was relatively simple. Ten per cent of the population of 
the the country is concentrated near Managua, and the population in the other areas is diffuse. 
Transportation costs are relatively high and the only system of railroads and highways radiates 
from Managua. As part of the set-up it was also recommended that a series of four drying 
stations to handle the wet harvest in August and September be established in the producing 
areas to at least partially dry the corn and beans before shipment to Managua for proper con- 
ditioning and storage. 


I have dealt with some of the points we in North America would consider in building 
a storage. In examining the problem in the field, the FAO adviser must think of other matters 
such as national importance and the desire to keep up with one’s neighbours. At times it is not 
easy to plan entirely on the basis of low cost and efficiency. 


In many cases the first thing necessary is. to provide the underdeveloped countries with tech- 
nical assistance to increase their productivity and to develop their natural resources. ‘This phase 
is carried out under the Expanded Program of Technical Assistance (E TAP). Its importance 
will be realized since in most of the underdeveloped countries from 60 to 70 per cent of the 
population are directly dependent upon agriculture. Such advice and training is a necessary 
forerunner of any financing of economic development. 


About 200 FAO experts, drawn from 41 countries, are now working in 51 countries on 
a variety of projects. The program is being expanded continuously. 


The motto of every FAO workex is “I must work myself out of a job as soon as possible”. 
This is accomplished by training native workers to perform the tasks done by the expert so that 
they can take over and thus reiease the expert for other assignments. 


In addition to the work of the experts in training native workers while on assignment within 
a country, FAO trains a large number from underdeveloped countries through their fellowship 
program. Fellowships are granted for periods up to one year for study in technically advanced 
countries to enable the trainee to carry on in his own country the work begun by the FAO expert. 
The fellows are chosen by the FAO expert, who often outlines the course of studies. Over 300 


fellows from 27 underdeveloped countries have been or are being trained under this program in 


about 30 technically advanced countries. 
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GRAIN STORAGE 


Grain storage is a many-sided problem, with ramifications in the field of economics. In 
North America most of the grain is handled in bulk because we find it cheaper to do it that way. 
In many parts of the world, but particularly in the East, there is an over-dependence on the 
jute sack as a unit of storage. Many of those who use it fail to realize that the jute bag is a very 
poor storage unit. Jute sacks are very expensive and their life is short. In Pakistan, for instance, 
the annual cost was approximately $5.00 per ton for replacement of the bags alone. This did 
not include the cost of the floors, sheds, warehouses, or coverings over the piles of jute bags nor 
did it include the serious losses sustained from insects and rodent when grain was so stored; 
jute bags are readily penetrated by these pests and afford ideal shelter for them. Until these 
facts are appreciated, little progress in the construction of better storages is likely. In some areas 
bags are rented for the storage of grain and those engaged in this lucrative trade are very much 
opposed to any change that would displace the jute bag. Changes will come slowly in such areas. 


COMMON GRAIN PESTS 


Most grain storage pests are cosmopolitan in distribution. The principal pests encountered 
by FAO officers are: the rice weevil, Sitophilus oriza (L.); the granary weevil, Sttophilus gran- 
arius (L.); the confused flour beetle, Triboliwm confusum Duv.; the red flour beetle, Tridotium 
castaneum (Hbst.); the saw-toothed grain beetle, Oryzaephilus surinamensis (L.); the flat grain 
beetle, Laemophloeus pusillus (Sckonh.); the lesser grain borer, Rhizopertha dominica F.; and 
the cadelle, Tenebroides mauritanicus (L.). These and the various common species of dermestids 
and bruchids make up the bulk of the coleopterous pests. Among the moths, the Angoumois 
grain moth, Silotroga cerealella (Oliv.), the Indian-meal moth, Plodia interpunctella (Abn.), 
and the Mediterranean flour moth, Ephestia kiithniella Zell., are the ones most commonly en- 
countered. A species of beetle. Pagicoerus frontalis (F.), belonging to the family Scolytidae, is 
a serious pest of corn in Latin America, particularly in Ecuador and Columbia. It was one of 
the few stored product pests I had not seen elsewhere. 


INSECY CONTROL IN UNDERDEVELOPED COUNTRIES 


FAO officers at all times stress the need for simple sanitation measures in the storage of grain 
and other cereal foods. In warm countries insects are everywhere. No only is it important to 
maintain the storage in a clean, insect-free condition but it is equally important to maintain 
the surrounding area in the same condition. It is often difficult to convince a warehouse owner | 
in an underdeveloped country that he should do the latter to avoid invasion of his premises. 
Vhe education of the general population in sanitation is most necessary but proceeds very slowly. 


In contrast to the apathy often shown toward general sanitation, it is often possible to in- 
terest people in the underdeveloped contries in the use of modern control measures. ‘The work 
in grain storage illustrates this to a remarkable degree. For the safe storage of grain the product 
must be dry, free of insect pests, and stored in facilities to maintain it in that condition. Much 
of the grain requires drying, an Operation that can be carried out in mechanical driers or by 
exposure to the sun. Many of the governments in the underdeveloped countries are now building 
modern installations to deal with this problem. Alongside these modern plants are the old, 
unsanitary warehouses containing damp, spoiled grain, infested with insects and rodents. With 
time, no doubt, the old warehouses will be replaced by the newer, better types of storage. 


To free rain from insect pests, fumigation is essential. Pure carbon disulphide is commonly 
used because of its low cost. This is never used in North America save in admixture with carbon 
tetrachloride, which reduces the fire and explosion hazard. When I was in Haiti on behalf of 
FAO early in 1953, I was able to persuade the entomologist to adopt the safer formulation. 
I also helped him design a new fumigation chamber and I was able to interest him in the use 
of methyl bromide as a fumigant, 


At many of the modern grain storage plants in underdeveloped countries, methyl bromide is 
being used as a grain fumigant. ‘This is carried out under plastic tarpaulins and in some Cases 
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in grain bins equipped for circulation of the gas. The last procedure has developed because of 
the heavy freight charges on large-bulk fumigants. This technique is somewhat in advance of 
the procedures in use on this continent. 


Many of the newer insecticides are now being used in many underdeveloped countries. For 
instance, in Haiti, BHC, DDT, chlordane and even parathion are used in field crop pest control. 
Warfarin is also being used widely in the control of rats in the field. 


A CEYPIGAL -PROFECE 


An outline of a specific project in one of the countries where FAO is furnishing assistance 
may be of interest. After the visit of Mr. Stephen Easter to Haiti in 1951, the Haitian govern. 
ment applied for technical assistance in carrying out a grain storage project. Because of the 
lack of dollars and through a desire to utilize native labour as much as possible, the government 
Was most anxious that the storage facilities should be made of native materials. 


FAO provided an engineer under ETAP to supervise the construction of three masonry bins, 
each of about 700-bushel capacity, one of double-walled concrete, a second of tamped earth, and 
a third of native stone. All of these storages were plastered inside and out so that externally 
they presented a uniform appearance. A period of aging was necessary to allow the structures 
te dry thoroughly before use. This required about six months. A fourth type of bin, a metal 
one of heavy galvanized iron, which had been imported from United States and which has been 
used widely in various parts of the world, was included in the tests. 


I entered the picture in connection with the actual storage of the .grain. Before beginning 
the work in the field, I was supplied with a brief outline of the project. After study, I prepared 
a detailed work schedule. Mr. Easter and I discussed the project while I was in Washington 
en route to Haiti. 


On arrival in Haiti I discussed the project, how it would be carried out, and my requirements 
with the Minister of Agriculture, who had requested the technical assistance from FAO. Later 
I discussed the project in detail with my corresponding number in the Haitian Department 
of Agriculture and with other interested people. In my discussion with the Minister he was 
most insistent that we should store corn in one bin, sorghum in another, and beans in still 
a third. It required all my powers of persuasion to induce him to stay by the original idea of 
storing only corn. Otherwise we would have learned very little regarding the merits of the 
various building materials. 


The storage program was to be carried on until the end of November, 1953. Then the bins 
were to be emptied and the corn examined to determine which of the four types of bins was most 
suitable for grain storage in Haiti. 


The difficulties in carrying out technical assistance work are many and varied. I spent 
approximately three weeks arranging for a supply of corn for the storage experiments. Only 
part of the corn required could be purchased outright and arrangements were made for the loan 
of approximately one-third of the amount needed from a local grain merchant in Port-au-Prince. 
Most of the corn was brought from the Artibonite Valley and other places in the interior. The 
corn came forward to us very slowly. There were many delays. 


All of the corn required fumigation as the entire supply was badly infested. This was done 
in Port-au-Prince and then the corn was hauled to the storage bins at Damien,.a distance of 
five miles. Frequently we waited several days for it. 


Much of the corn was so badly damaged by weevils that it was unacceptable for storage. As 
a consequence we hired a small army of women, who picked over about 300 bushels of it. The 
undamaged kernels were accepted and the damaged ones returned to the seller, who paid for 
th labour of sorting. To us such an operation is ludicrous; where labour is cheap it is a com- 
mon place event. 
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All of the corn received was excessively moist. It was necessary to dry it before binning. As 
there are no mechanical driers in Haiti the drying was carried out by exposing the corn to the 
sun on tarpaulins in front of the experimental! bins. Moisture determinations were made before 
binning to be sure that the moisture content was low enough for safe storage. 


There are no mechanical grain loaders in Haiti either. The loading of the experimental bins 
was done by means of a “bucket brigade”. Men on the ground filled pails with corn and passed 
them to other workmen on a substantial ladder, the top man pouring the corn into the bin. 
To dry and load five tons of corn in a day was a real accomplishment. 


Supplies of all kinds were difficult to acquire. We needed a smal] amount of lumber on 
which to install a series of thermocouple junctions. To procure the necessary material took over 
a month. Fortunately I found another source of supply and replaced the borrowed stock when 


\ 


the lumber ordered by the government finally arrived. 


These are the normal difficulties one must expect in work of this kind. I took most of the 
tools I required with me and without them the project could not have been completed. 


Labour is abundant in Haiti but it must be closely supervised. Aside from the technical 
knowledge, an © AO expert must have a never-ending supply of patience and a well-developed 
sense of humor. He needs both at all times if he is to make any progress. 


This study covered only one phase of grain storage. In addition to the large-type bins ex- 
perimented with, there is a very definite need in Haiti for storage facilities for farmers to protect 


the grain they store for their own needs. These should, of course, be small structures and if 


possible they should be built or at least assembled within the country. 


What has been accomplished in the field of grain storage in Latin America? Considerable 
progress has already been made through the activities of FAO, of the Inter-American Institute 
of Agricultural Sciences at Turrialba, Costa Rica, and commercial firms such as Colombian Steel 
Tank and Butler Manufacturing Company oi Kansas City, Mo. 


In 1948 there was one single modern grain storage plant in San Jose, Costa Rica. Plans were 
under way for some construction in Venezuela, and nothing had been done in Colombia save 
by the Bavaria Breweries Corporation. There were no modern grain storages in Mexico, Nica- 
ragua, Honduras, El Salvador, Guatemala, Haiti, Panama, or the Dominican Republic. Today 
there are several modern storage plants in Mexico at various points throughout the country. 
There are now 27 operating plants in Venezuela, with a total capacity of 63 thousand metric tons, 
and 8 in Colombia and 6 more under construction. Almost all of this development in modern 
grain storage can be credited to the increased interest in the storage of food developed by FAO 
programs. . 


In conclusion, I would say that FAO has accomplished much since it came into existence. 
Progress in many cases has been slow but this can be changed only by education. There will be 
a need for the work of FAO for many years to come. Each problem solved in an underdeveloped 
country brings to light the need for assistance in solving others. The standard of living in these 
areas can be raised to a desirable level only through an integrated program of assistance. 


FAO makes a big contribution to world peace and goodwill that is often overlooked. Her 


experts, working with the people in underdeveloped areas, show the way for true co-operation 
S J , Pp 


in helping those in need of assistance. They do much more to dispel suspicion and create good- 
will at all levels than the average diplomat. 


—, 
ya 
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CONTROL OF INSECT VECTORS OF DISEASE BY W.H.O. 


A. W. A. Brown? 


University of Western Ontario, London. 


In 1939 Paul Muller discovered the insecticidal effect of DDT on houseflies; in 1948 he was 
awarded the Nobel Prize for Medicine for the outstanding contribution of DDT to human health 
in the tropics. Since DDT had the remarkable property of killing insect vectors merely by being 
picked up from treated surfaces, control measures could be undertaken which consisted of simply 
spraying the interior walls and ceilings of dwellings. 


The World Health Organization was quick to realize the potentialities of the method in the 
control of malaria, a mosquito-borne disease which in its various forms is responsible for more 
illness and poverty than any other disease, and has been estimated to produce one-half of the 
entire mortality of the human race. By 1948 WHO had set up a Malaria Section at Geneva, and 
at the end of 1953 twenty-seven malaria control demonstration teams were, or had been in the 
field in Afghanistan, Bolivia, Brunei, Burma, Cambodia, the Caribbean Area, Cameroon, Domi- 
nican Republic, Formosa, India (Jeypore Hills, Malnad, Malabar, Terai), Indonesia, Iran, Iraq, 
Haiti, Liberia, Lebanon, Pakistan, Paraguay, Philippines, Sarawak, Saudi Arabia, Syria, Thailand, 
Vietnam, of which 20 were still in the field in December 1953, plus one WHO malariologist 
working with UNRA in Jordan and Lebanon. These teams conduct demonstrations or study 
particular problems such as those presented by vectors which are said not to frequent houses 
sufficiently to be controlled by residual insecticides, and in all cases train national personnel in 
malariology and modern methods of control, so that after two years the host countries may take 
over. In addition, WHO furnishes malaria consultants to many countries. ‘Through its expert 
committee on insecticides, it has established specifications for chemicals and application equip- 
ment. It annually canvasses the word supply of DDT, and encourages the erection of DDT 
manufacturing plants in key tropical countries, such as India. WHO has convened malaria con- 
ferences in Africa and in South-East Asia to bring workers from those regions together. By the 
promotion of malaria control in the various countries, it has set as its ultimate goal the eradica- 
tion of malaria as a public health problem. 


What of its success? In Italy, where the Roman Campagna, the Tuscan Maremma, and to 
a lesser extent the Po valley, had been notorious malarious areas since classical times. and where 
land had been abandoned because of the disease: in this entire country now there has not been 
a single death from malaria since 1949. Around Latina, Mussolini’s town in the drained Pontine 
Marshes, where under the German occupation 90 per cent of the 100,000 people in the district 
had malaria, there has not been a single new case since July 1949, and not a single specimen of 
the vector Anopheles labranchiae has shown up-in samples since March 1949. In Sardinia at the 
beginning of the century, everybody had experienced malaria. A programme of house spraying 
was commenced in 1946 and succeeded in almost eliminating Anopheles labrancliiae; so that by 
1949 there were no cases of primary malaria on the island. 


In Greece, house and barn spraying, supplemented with larviciding from aircraft, was started 
in 1946. By 1950 it had been so successful in reducing the vectors A. sacharovi (elutus) and 
: super pictus that malaria had become “‘practically’’ eliminated; there were very few cases in the 
country last year. ‘The island of Cyprus, containing half a milion people, was treated during 
the same period at a cost of $600,000; in 1950 the Cyprus Government was able to announce that 
malaria had been eradicated from the colony. 


In Ceylon, where new cases ran to 314 million people in 1940, and deaths to 80 thousand in 
1954, house spraying was started in 1946 against A. culicifacies. Three years of 7 sprays per 


1The author is indebted to Dr. E. J. Pampana, Chief of the Malaria Section, and to Mr. J. W. 
Wright, Secretary of the Expert Committee on Insecticides, for their kindness in reviewing and amend- 
ing the manuscript on behalf of the World Health Organization. 
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annum succeeding in reducing the spleen rate (a diagnosis of incidence) from 77 down to 2.7 
per cent. In Bombay State, in the same year, a population of 5 million people was protected by 
3 sprays per annum applied against A..culicifacies and A. fluviatilis. As a result the annual 
malaria incidence was decreased by 300,000, and the spleen rate fell from 70 down to 7 per cent. 
In northern Siam a campaign against A. minimus started in 1949 decreased the malaria morbidity 
rate from 50 down to 2 per thousand within 2 years. 


The island of Mauritius in the northwestern Indian Ocean has been a notorious region for 
malaria, which is transmitted by the African species A.funestus and A. gambiae. A single spray-. 
ing by the Colonial Government in 1949 reduced A. funestus by 99.9 per cent, and the surviving 
A. gambiae were cleaned up by larviciding. Malaria parasite rates dropped correspondingly 
sharply. : 


In 1947 the Colonial:Government of British Guina started large-scale house spraying against 
A. darlingi in the coastal areas. It has been so successful that in certain parts of the capital, 
Georgetown, where malaria parasite rates were 55 per cent, they are now nil. In Venezuela 
the inhabitants of the vast Llanos region had spleen rates of 80 to 100 per cent; house spraying 
against A. darling: from 1947 to 1951 has reduced this malaria incidence rate to a level of 3—16 
per cent. In Brazil, more than 3 million dwellings, infested with this species, have been treated 
between 1947 and 1950, and the parasite rate has been reduced to zero in most areas. In coastal 
Peru, control of A. pseudopunctipennis has brought parasite rates down from 7—25 to 0—0.6 per 
cent. In Argentina, where 300,000 new cases occurred yearly before 1947, malaria no longer 
constitutes a serious health problem in 1951. 


Similar successful programmes have been carried out, and reports of results are now available 
from Spain, Jugoslavia, Turkey, Iran, Pakistan, Afghanistan, Indonesia, Madagascar, Nigeria, 
Belgian Congo, Rhodesia, Transvaal, French Guiana, British West Indies, Colombia, Bolivia, 
Ecuador, Chile and Mexico. ‘Today well over 50 million people depend for their life and liveli- 
hood on DDT spraying. The cost of these measures approximates 20 to 50 cents per capita, less 
than the anti-malarial drugs (mainly synthetic analagues of quinine) which they render super- 
fluous. | 


These programmes have also produced some striking bonus dividends. The operation in 
northern Siam ended an endemic plague of bedbugs. The Mauritius and British Guiana opera- 
tions eliminated also the yellow fever mosquito, Aedes aegypti, and in British Guina went a long 
way towards eliminating Culex quinquefasciatus, the vector of filariasis. “The programme in 
Bombay State eliminated plague, as a consequence of the incidental control of rat fleas. In 
Greece, antimalarial operations resulted in the elimination of Phlebotomus and the consequent 
eradication of sandfly fever from that country. It also has greatly reduced leishmaniasis. In all 
the Mediterranean and Middle East countries, anti-malarial sprayings were at first rewarded with 
a striking decrease in abundance of the housefly and in the fly-borne dysenteric diseases. 


These residual spraying operations are carried out by a large force of unskilled and cheap 
labour; is Sardinia for example, 12 technicians directed a force of 33,000 workers. In most in- 
stances a 4-gallon pneumatic sprayer is used, with a flat fan nozzle to give a coarse spray with 
a5 per cent DDT formulation. ‘The dosage recommended by W.H.O. is a deposit of 200 mgms. 
of DDT per square foot (2 gm/sq. metre) applied every 6 months. In India and Ceylon, less is 
used at more frequent intervals. Originally a solution of DDT in kerosene was employed. Now 
in the Mediterranean countries, and some others, an emulsion is used. In Italy, for example, the 
worker sets out on his bicycle with his sprayer and a jerry-can of concentrate, to which he adds 
water from domestic sources. 


In certain regions, notably Mexico, Morocco, and East Africa, it was found that house spray- 
ing with solutions gave poor results. It was discovered that the walls of the dwellings, which 
were of mud, adsorbed the DDT into their pores. This was circumvented by the use of suspen- 
sions of wettable powders (usually 50%, though 75% W'P’s are now being tried), and these have 
been adopted in Africa and parts of South America, and recently in India. A further difficulty 
was encountered in central Africa where the principal vector is A. gambiae. This is a restless 
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species, often apt to take to the bush rather than remain in houses, and on it DDT had a so- 
called repellent effect, in that this mosquito became excited and flew away before it had taken 
up a lethal dose. Consequent on a W.H.O. conference in Uganda in 1950, the substitution of 
BHC was recommended, to be applied every 3 months at the rate of 10 mgms. of gamma-BHC 
per square foot. The odour is conspicuous, but is reassuring rather than offensive. A problem 
similar to that of A. gambiae is presented by the stream-breeding A. minimus of Malaya and the 
Philippines, which does not settle readily on walls; and A. sergenti of Israel evidently similarly 
escapes the action of DDT. 


One of the results of anti-malarial spraying is that it may increase the food supply. Opera- 
tions in Bengal were responsible for increasing the rice crop by 15 per cent and malaria control 
in Greece has allowed the safe introduction of rice cultivation to that country. In Greece since 
1950, tests have been made of the effect of suspending DD'T spraying; this did not degrade the 
epidemiological picture in 1951, but in 1953 cases of malaria reappeared in certain villages. 
However in Crete it appears that the mosquitoes can be allowed to recover without malaria re- 
curring, and that the desirable condition has been attained of “anophelism without paludism”, 
such as we have had for the last half-century in Canada and Britain. 


Other control operations against insect vectors include a campaign against kala-azar and 
oriental sore in Italy, where house spraying at 25 cents per capita completely destroyed the three 
species of Phlebotomus concerned, and stopped the transmission of these leishmaniases. Control 
of black flies of the genus Simulium, vectors of the filarian worm that causes onchocerciasis of 
the skin and eyes, was first shown to be possible in Guatemala, where the larvae were eliminated 
by adding DDT to the water. Similar results were obtained for S. neavei in Kenya, while BHC 
is used for control of $. damnosum in the Congo and the Gold Coast. The control of the various 
species of Glossina (tsetse flies) in Africa is mainly a veterinary problem, namely Nagana disease 
of cattle, although the trypanosome still causes sleeping sickness of man in West Africa. Ex- 
periments in East Africa, where cattle raising is the native’s main source of livelihood, have 
shown that multiple aerial sprayings (eight or nine times) with DDT at 0.25 Ibs. per acre can 
achieve almost complete control. Anson aircraft are used for this purpose, the original exhaust 
aerosol units being now replaced by boom-and-nozzle assemblies, although rotary brushes are 
being tested. Control of Triatoma, the conenosed bugs responsible for transmitting Chaga’s 
disease, has been undertaken in the tropical Andean countries, first with DDT, and later more 
successfully with BHC and dieldrin. Finally there is the well-known ability of DDT powder to 
avert typhus by the control of body lice, dramatized by the complete arrest of the epidemic in 
Naples in January, 1944. 


We are all familiar with the promise of DDT ending the scourge of the housefly, vector of 
cholera, summer diarrhoea and other dysenteries, associate of poliomyelitis, and producer of 
trachoma and conjunctivitis of the eyes; how promising it was initially in Italy and the Middle 
East, and how whole cities such as Cairo, Manila and Singapore were sprayed from the air to 
prevent post-war epidemics. Then resistance was found in Italy in 1946-7, in the U.S.A. in 1948 
and Canada in 1949, and now it is present in places all over the world, and is so intense in regions 
like Florida, California and Syria that DDT is entirely ineffective. We need scarcely remind you 
that this resistance is the result of Darwinian selection of resistant survivors, that it depends on 
the accumulation of multiple recessive genes, that it reaches full development around the 12th 
to 18th generations and thus appears sooner in regions of multivoltinism, and that it stems from 
contamination of large areas, particularly the breeding places, with sublethal dosages. We all 
know that these resistant strains, most of which now roost on floors instead of walls and ceilings, 
can detoxify DDT by converting it to DDE by the process of dehydrohalogenation, a process 
found in other species of insects which are normally resistant to DDT. More recent is the dis- 
covery that certain synergists, like the piperonyl compounds, can inhibit this detoxification, 
while others such as DMC may act as decoys for the detoxification process while the DDT is left 
alone to do its insecticidal work; but unfortunately after half-a-dozen generations resistance is 
acquired to the DD'T-synergist mixture. Resistance of the housefly to BHC was first discovered 
in 1949 in Egypt, to chlordane in Sardinia in the same year, and to dieldrin in Caliornia in 1951. 
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Now it is known that DDT-resistant flies may be expected to be resistant also to methoxychlor 
and DDD, and to acquire within a very few further generations resistance to BHC, dieldrin and 
other chlorinated hydrocarbons. Even by 1951 it was useless to apply any of these insecticides 


in the refugee camps of the Levant. Dr. Luther West, sent by W.H.O. in 1952 to investigate fly 
resistance problems in the eastern Mediterranean, reports that inthe UNRA camps of Syria, 


Lebanon and Jordan the monthly (October) incidence of dysenteries was as high as 7,024, and 
of the eye diseases 65,756, as against a total of only 4,258 for all other diseases, including malaria. 
Truly the housefly and fly-borne diseases now pose the most serious problem confronting medical 
entomologists. In many parts of the world housefly resistance is handicapping anti-malarial 
spray programmes, since the population had co-operatively supported them only so long as they 
controlled the flies. 


Fly contro] measures are now taking a different turn. In Italy stress is now laid on sanitation 
and garbage disposal; in Egypt and Israel on the rendering of human and cattle excrement un- 
susceptible to breeding; in America we have the Big Stinky fly-trap. Chlorinated hydrocarbens 
are still used but in different ways, such as lindane vaporizers, dieldrin-coated screen strips and 
DDT-containing resin coatings based on urea-formaldehyde or terphenyl mixtures. Non-de- 
hydrochlorinatable compounds such as pyrolan and dilan originally appeared hopeful, but have 
ultimately proved inadequate. For those that can afford it, synergized pyrethrins and allethrin 
may be used as residual sprays. Meanwhile the organic phosphates offer the most promising 
avenue and many stratagems have been devised with them, such as festoons of parathion-im- 
pregnated twine, and the tracking of stable floors with a solution of —TEPP and molasses from 
a watering-can. Malathion in 1 per cent solution, applied at 50 — 100 mems. per square foot on 
exterior surfaces, has given contro] for 10 to 14 days, and so has diazinon. In Europe, boughs 
(fagots) moistened with diazinon or malathion solution are hung up in houses, but they require 
toxicological clearance before general use. It may therefore be seen tha housefly control by 
chemicals has retrogressed considerably in the last 7 years. ; 

What of resistance in other species of disease-carrying insects? It may be stated at the outset 
that the anti-malaria campaigns with DDT have nowhere yet been appreciably handicapped by 
this phenomenon. It is true that DDT-resistance in Culex pipiens was found in Italy in 1947, 
in C. tarsalis in California in 1951, and has been suspected for C. molestus in Greece and 
C. fatigans in Venezuela. It is also true that DDT-resistant Aedes sollicitans and taeniorhynchus 
are present in Florida, and resistant A. nigromaculis and dorsalis in California. But resistant 
Anepheles have been slow in appearing, and the level of resistance is low. In Greace A. sacharovi 
and maculipennis are now apparentiy more resistant than formerly, and this is also reported for 
A. superpictus in Turkey, A. albimanus in Venezuela, and A. quadrimaculatus in Alabama. In 
some areas of South America A. darlingi is resisting control by DDT, but not in others. In 
Nigeria and Uganda A. gambiae may be acquiring a behaviouristic resistance of no longer resting 
inside houses. 


The alarming appearance of DDT-resistant strains of the body louse in Korea created a serious 
problem among prisoners of war. ‘This resistance has now been reported also from Italy and 
Japan. DDT-resistance has been discovered in the oriental rat flea (the vector of plague) in 
South America, in the human flea in Greece, and in the dog flea in the U.S.A. Resistance to 
DDT has recently developed in Triatoma infestans in Chile. German cockroaches resistant to 
chlordane and lindane are now present in various parts of the U.S.A. DDT-resistant strains of 
the bed bug are now reliably reported from Greece and the Belgian Congo as well as Hawaii 
and the continental U.S.A. Phleboiomus sandflies have not yet shown resistance to DDT, an 


erroneous report of resistance in Greece having originated from the first-hand observers confusing 


Psychoda with it. Musca vicina and M. nebulo in India have not yet shown the resistance 
characteristic of M. domestica. The fleshflies Phormia and Phaenicia, and the screw-worm flies 
of the genus Callitroga, have not developed resistance either in the field or the laboratory. 


In the most recent conference of W.H.O., held in Rome three weeks ago, plans were laid for 
the systematic testing in the field for the appearance of resistance, and particular attention was 
paid to the development of substitute methods of control where resistance develops. The im- 
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portance of acquiring basic knowledge in the associated physiology and genetics were vividly 
realized. Meanwhile it is a matter of congratulation that in the decade since 1942 some 5 million 
deaths and 100 million illnesses have been prevented by the use of DDT, not to mention the 
future benefits which will accrue from the general reduction in malaria density. We can agree 
with the Nobel committee’s opinion in 1948, and we are proud that entomologists have played 
so important a part in this epoch-making contribution to the well-being of mankind. 


a Sa 


‘A HISTORY OF GRASSHOPPER OUTBREAKS AND 
THEIR CONTROL IN MANITOBA, 1799-1953 


A. V. MITCcHENER 


Department of Entomology, The University of Manitoba, Winnipeg 


History of Outbreaks 


Of all the field crop insects that occur in Manitoba, grasshoppers are the most destructive. 
More farmers have been involved and more money and energy have been expended on their 
control since settlers first arrived in this Province, than cn any other group of crop infesting 
insects. Wheat, oats and barley have been injured most, although other field crops, vegetable 
crops and even the leaves of trees have been eaten, Grasshoppers have occurred in outbreak form 
over most.of the agricultural lands of Manitoba at one time or another although crops in that 
part of the Province south of the Riding Mountains and the southern ends of Lake Manitoba 
and Lake Winnipeg have been attacked most severely and frequently. Grasshopper outbreaks 
have cccurred intermittently during the last century ard a half and no doubt will continue to 
occur in the future. 


The first recorded occurrence of grasshoppers in Manitoba was in 1799, according to Pritchett 
(1942), who says that grasshoppers had appeared in the Red River Valley some thirteen years 
before the arrival of the Selkirk settlers which was in 1812. Grasshoppers had then disappeared 
to return in 1818 on a date late in July. Coues (1897) quotes from the journal of Alexander 
Henry of Aug. 17, 1800 with reference to the “east shore of Lake Winnipeg, six leagues from 
the mouth of the Red River” to the effect that, “The beach was covered with grasshoppers which 
had been thrown up by the waves and formed one continuous line as far as the eye could reach; 
in some places they lay from six to nine inches deep, and in a state of putrefaction which 
- occasioned a horrid stench.” 


Grasshoppers again invaded at least the area around the mouth of the Pembina River in 
1808. Coues again quotes from Henry’s journal of July 25, 1808 to the effect that, “Swarms of 
grasshoppers (the Rocky Mountain locust, Caloptenus spretus) have destroyed the greater part 
of the vegetables in my kitchen garden — onions, cabbage, melons, cucumbers, carrots, parsnips 
and beets. They also attacked the potatoes and corn but these were strong enough at the root 
to sprout again. The swarms appear about the 15th of June, generally in clouds from the S., 
and spread destruction; the very trees are stripped of their leaves. Grasshoppers pass northward 
until millions are drowned in Lake Winipic and cause a horrid stench as I have already ob- 
served (Aug. 17, 1800). They do not make a formidable appearance every year.” 


The next invasion was in 1818 and of this Pritchett says, “In the morning the gardens and 
the fields of grain promised an excellent harvest. In the afternoon the sky was darkened by 
locusts in vast swarms. sweeping in from the great dry regions lying to the south and west; 
and next morning when the people awoke, all their hopes were blighted.” ‘The grasshopper or 
locust invasion in 1818 in the Red ‘River Valley was a major disaster to the Selkirk settlers. 
Morton (1939) quotes from Alexander Macdonell’s (Lord Selkirk’s agent) report to Lord Selkirk, 
“millions of grasshoppers invaded our crops and eat up all our barley and potatoes——not 
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a vestige of them left, but all the potatoes on the plains suffered very little injury; the barley 
have been eat up everywhere——The wheat has not been injured in the least as yet.” Apparently 
at that time all the garden vegetables were devoured. Morton again quotes from the record, 
“The year 1819 proved one of disaster for the colony. The grasshoppers had laid their eggs in 
the soil the summer before. On 3rd May the young brood made its appearance. They came out 
of the ground like froth out of the bung of a cask full of fermenting fluid———Everyday until 
the middle of June brought forth fresh myriads of new-born ones. The larvae devoured the 


young crops, leaving not so much as a particle behind them.” Young grasshoppers did not seem 


to be very numerous early in 1820 but there was an invasion of adults on July 25 of that year. 
In 1821 the destruction of crops was not general but was severe in restricted areas. During the 
latter part of July of that year the grasshoppers ieft before a strong northerly wind. 


The early settlers had time to forget about the ravages of grasshoppers for it was not until 
1857 that there are records of their reappearance. After speaking of the 1819 and 1820 invasion 
Dawsen (1875) says, “The next recorded incursion is that of 1857——. In 1857 the crops are said 
to have been so far advanced as to escape great damage, but eggs were deposited and in 1858 all 
the young grain was devoured.” 


Beginning in 1864 there followed a decade when grasshoppers were presen every year. Dawson 
says, “In 1864 they again appeared and left their eggs, but neither the adults nor the young of 
1865 were sufficiently numerous or widespread to do much damage. In 1867 numerous swarms 
poured in but did little injury, the crops being too far advanced. Their progeny in the ensuing 
spring however devoured everything causing a famine.” Morton observes that the young in 1868 
ate everything green. This necessitated the Council of Assiniboia voting 1600 pounds sterling 
for relief. Another 5000 pounds were raised in England, another 3600 pounds raised in “Canada” 
and another 900 pounds in the United: States. This emphasizes the widespread publicity that 
must have been given to the plight of the people and to the seriousness of the situation. Dawson 
continues’ ““They again appeared in 1869, the young in 1870 doing much harm. In 1872 fresh 
swarms arrived but as usual, too late to do much damage to wheat. Eggs were left in abundance 
in the northern part of the Province and in the following spring the farmers over considerabie 
districts did not sow. In 1874 winged swarms again came from the west arriving earlier than usual 
and inflicting great injury in some districts. Eggs were deposited in almost all parts of the 
Province and result has yet to be seen.” 


Dawson’s observation, “It is now known that a very great area comprising the chief breeding 
grounds of the locusts must always remain unsettled or occupied only as pasture. grounds” is 
most interesting. Other interesting observations made by Dawson include statements that the 
eggs are laid in high and dry situations with hard soil, that the grasshoppers fly only in sunlight 
and during the warmer hours of the day, that in the eastern colonies the young are sometimes 
hatched in considerable numbers by a mild autum and perish in the succeeding winter and that 
their range included the whole province of Manitoba. He suggested as control measures the 
firing of prairie grass after hatching, fall plowing where eggs have been laid and gathering the 
eggs and receiving government bounty by measure for the eggs collected, the use of heavy rollers 
on the young, and driving young into straw which would be burned. Apparently these are the 
first recorded recommendations for the control of grasshoppers in Manitoba. He says, “species 
of grasshopper appear to belong to a single species which has been called Caloptenus spretus.” 
This species was later given the name of Melanoplus spretus Uhler. 


Hargrave (1871) says, “the harvest of 1867 was considerably injured by the vast clouds of — 


erasshoppers that lighted at the beginning of harvest. Almost all oats and barley were entirely 
destroyed, the wheat greatly injured. The other sources whence food is principally obtained 
for the subsistence of the colony gave their accustemed yield.” With regard to 1868 Hargrave 
says. “The multitude of insects was so great as to render it difficult to convey an appreciable 
idea of their numbers to the minds of those absent from the scene of their devastations. Piled in 
heaps about the walls of Fort Garry, they were carted away and burned up to prevent the 
effluvia from their decaying bodies contaminating the atmosphere during the stifling heats of an 
unusually warm summer.” 
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Huyshe (1871) speaking of the early grasshopper invasions in Manitoba says that, “they come 
about the middle of July or the beginning of August from the south-west towards the north- 
east in dense clouds so that the land is darkened with them and wherever they alight they make 


> 


a desert eating up every blade of corn and grass and stripping the trees of their leaves.” He says 


that their eggs hatch about the first week of May no matter how severe the winter. Speaking of 


the 1868 outbreak he says that they came in, “such countless myriads that they were lying piled 


up against the angles of the bastion and walls of Fort Garry to a depth of three feet. The stench 
from their dead bodies was almost unsupportable and they had to be carted away and thrown 
into the river.’ 
no serious invasions or outbreaks of grasshoppers occurred and it was not until 1898 that next 
we hear about them. | 


? 


There followed a period of approximately a quarter of a century during which 


Fletcher (1898) says, concerning 1898, “During —— June notices appeared in the newspapers 
that injury was being done by grasshoppers or locusts in southern Manitoba. These reports 
naturally caused much anxiety among the old settlers who had been in the Prairie Province at 
the time of the serious locust depredations during 1868, 1870, 1872 and 1874.” In the same report 
ne says that he visited the grasshopper infested localities that year in Manitoba and that “none 
of the farmers with the exception of Mr. John Scott, remembered seeing locusts in injurious 
numbers before.” No doubt these somewhat conflicting statements may be explained by the fact 
that these earlier outbreaks occurred in the Red River Valley. In any event by inference it 
would seem that there had been no serious outbreak of grasshoppers between the years 1874 and 
1898. In 1899 Fletcher (1899) says that grasshoppers were not bad but that they appeared in 
some numbers in southern Manitoba. Fletcher (1900) in making his annual report for 1900 
says, “It will be noticed that the area infested was not the same as that which was invaded by 
Incusts north of the Turtle Mountains during the two previous summers.” Concerning the 1900 
outbreak he says, “Seeing hundreds of acres in some places swept bare, I expected to find large 
swarms of the Rocky Mountain locust, Melanoplus spretus Uhler, but at only one place was this 
insect detected and this was at Douglas. The species which were almost entirely answerable for 
the destruction of crops in Manitoba in 1900 were the native species Melanoplus packardii (Scudd.), 
M. ailanis (Riley) and Camnula pellucida (Scudd.).” The species M. atlanis Riley has since been 
named Melanoplus mexicanus mexicanus (Sauss.) solitary phase. There is little likelihood that 
Fletcher confused the indentity of M@. packardi (Scudd.) with Melanoplus bivittatus (Say) which 
he apparently knew and which in later years became an important species of economic im- 
portance in Manitoba. Fletcher included in his report notes made by Norman Criddle who lived 
near Treesbank to the effect that in 1900 hatching began April 24 and most of the eggs were 
hatched by May 8 while several fields were cleared off by May 14 at Aweme, but some eggs were 
still hatching. By June 6 that year half of the grasshoppers could fly. On June 20 the locusts 
were flying south-west and were identified as M. spretus Uhler and M. atlanis (Riley). By June 27 
the locusts had nearly all disappeared. Fletcher quotes Criddle as saying, “the locusts had been 
increasing here for about three years, in fact considerable damage was done in the latter part 
of 1899.” Fletcher says that M. ailanis and C. pellucida were the most abundant species through- 
out the province in 1900. The appearance of local species in outbreak form was apparently sur- 
prising to both Fletcher and Criddle, the latter of whom says, “It is to be hoped that this was 
merely an exceptional outbreak of local species which will not recur next season.” 


Fletcher (1901) reported that grasshoppers caused considerable loss that year particularly in 
Central Manitoba in the Treesbank area and also around Morden, Altona and Chortitz. Mr. S. 
A. Bedford, superintendent of the Experimental Farm, Brandon wrote to Dr. Fletcher, “Grass- 
hoppers by millions were on roads” near Sewel. These were identified as M. atlanis (Riley). 
The situation was so bad that Fletcher came to Manitoba and began an investigation. He re 
ported to R. P. Roblin, Manitoba Government, on July 6 stating that while M. ailanis was most 
abundant, Camnula pellucida and M. bivittatus were also present but in smaller numbers. At 
Plum Coulee some M. spretus were found mixed with M. atlanis. At Fairfax he found M. spretus 
in enormous numbers all mature on July 4. The outbreak continued in 1902, according to the 
report of the Manitoba Legislative Assembly for that year. In the similar report for 1903, Criddle 
is quoted as saying, “nearly all the damage (which did not amount to much) was the result of 
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carelessness.” ‘The outbreak then subsided and grasshoppers were not a problem in Manitoba 
again until 1919. 


The writer has been at The University of Manitoba, Winnipeg continuously since 1918 and 
has been involved in the four grasshopper outbreaks which have occurred since that time. In 
the extreme southwestern part of Manitoba the first grasshopper damage in 1918 passed almost 
unnoticed. In 1919 the infested area was considerably enlarged and control measures were unde1- 
taken quite extensively. It was not until 1920, however, that the infestation assumed alarming 
preportions in the municipalities of Edward, Arthur, Brenda, Winchester, Albert, Cameron and 
Pipestone. Scattered outbreaks occurred in other widely separated municipalities. In 1921 the out- 
break continued with a further extension of the infested area but still was confined largely to the 
western half of Manitoba south of the Riding Mountains. In 1922 the severity of the infestation 
diminished and in 1923 it was localized in only one or two relatively small areas. Mitchener 
(1921) stated that the grasshoppers, as now named, involved in this outbreak were Camnula 
pellucida (Scudd.), Melanoplus mexicanus mexicanus (Sauss.), Melanoplus femur-rubrum (Deg.) 
and Melanoplus bivittatus (Say). As many as seventy-five eggs pods of C. pellucida (Scudd.), 
averaging around twenty eggs each, were found in places to each square foot of sod. The first 
two species named were most abundant. No Rocky Mountain locusts were observed at any time 
during this outbreak. Grasshopper baits were used very extensively throughout the infested 
areas with excellent results. The fact that 185 farmers called at and xeceived from one mixing 
station 39,800 pounds of prepared bait on June 15, 1920 will give some idea of the effort that 
was put forth by the farmers to bring the infestation under control.. Mitchener (1921) estimated 
that crop to the value of over 17 million dollars was saved by the organized control that was 
carried out in 1920. MeKay (1922) in a report to his Deputy Minister stated that approximately 
85,000 pounds of arsenic, 580 tons of bran and 378 tons of oatfeed were used in the 1921 control 
campaign in Manitoba. 3 . 


The next outbreak began to build up in 1929. Mitchener and Criddle (1929) say that “Cam- 
mula pellucida (Scudd.) increased to a marked degree in 1929.” These same authors (1931) say 
that in 1930 grasshoppers “are increasing in numbers.” —— “It is possible that in a few restricted 
areas crops may be injured next year.” Again they (1932) say, “There was a very marked increase 
in the numbers of grasshoppers in 1931 particularly in the eastern agricultural area centering 
on the Red River Valley where grain crops were badly injured.’’ Mitchener (1933) reported, 
“During the summer of 1932 Manitoba experienced an extensive and severe outbreak of .grass- 
hoppers.” A map in the above paper indicating the area under attack during the year shows 
that more than half of the cultivated land in the Province was involved with the heaviest in- 
festation in the Red River Valley. The outbreak became less severe progressively to the west 
in the southern part of Manitoba to which the outbreak was almost entirely confined. Mitchener 
(1934) showed that much the same area was involved in 1933 with the Red River Valley again most 
heavily infested. Mitchener (1935) showed again by means of a map that the area under grass- 
hopper attack in 1934 was approximately the same as in the three previous years with heavier 
damage moving towards the southwestern part of Manitoba. The Red River Valley continued 
to be relatively heavily infested. Mitchener (1936) showed in 1935 that although approximately 
the same area of Manitoba was under attack, the severity of the infestation was diminishing. 
Mitchener (1937) reported, “that practically no bait was used to control grasshoppers in Manitoba 
in 1936.” In 1937 grasshoppers were quite widespread in southwestern Manitoba although 
farmers did relatively little poisoning as only about 17 tons of prepared bait were used altogether 
in the municipalities of Arthur and Edward. The lesser migratory grasshopper was the pre- 
dominant species in 1937. During 1938 damage continued relatively light in approximately the 
same area of the Province. In 1939 the infestation was more widespread and severe, but still 
confined to the southern part of the Province. Grasshoppers increased in numbers in 1940 with 
the heaviest infestation in the southwest. In 1941 the area infested was greater than in the 
previous year with greater concentrations occurring in the Red River Valley and north of 
Winnipeg between Lake Winnipeg and Lake Manitoba. The area infested in 1942 was about 
half as extensive as in 1941 but centro] measures were still necessary. Grasshoppers were so re- 
duced in numbers in 1943 that no control measures were necessary. Relatively low populations 
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of grasshoppers continued during 1944, 1945, 1946, 1947 and 1948. It became evident during the 
summer and autumn of 1918 that grasshoppers were again finding conditions favourable for 
their increase and the prediction was made that they would be destructive in 1949. During the 
summer of 1949 grasshoppers were present in greatly increased numbers necessitating an active 
control campaign. ‘This outbreak continued in 1950 and was largely confined to the Red River 
Valley where it was severe. Control was still necessary in 1951 although the area involved was 
less than in 1950. ‘The outbreak continued to decrease in 1952 although some control was needed. 
There was no call for any insecticide at all in 1953 when grasshopper populations were again at 
a low point. 


The grasshoppers involved in the 1931-1935 Manitoba outbreak were the clear-winged grass- 
hopper, Camnula pellucida (Scudd.), the two-striped grasshopper, Melanoplus bivittatus (Say) 
and the lesser migratory grasshopper, Melanoplus mexicanus mexicanus (Sauss.). Criddle (1933) 
in his studies on the habits of grasshoppers found from limited observations that the female 
clear-winged grasshopper laid about 150 eggs, the two-striped grasshopper approximately 217 eggs 
and the lesser migratory grasshopper about 160 eggs during their respective lives. He stated that 
grasshopper eggs may remain under water for weeks and still hatch when the land dried out. 
This observation has been confirmed by the writer. He believed that most species reach the adult 
stage within 40 days after hatching. He reported that the clear-winged grasshopper feeds largely 
on members of the grass family while the two-striped grasshopper and the lesser migratory 
grasshopper are capable of feeding on a great variety of plants. 


History of Control 


Although Dawson suggested some mechanical methods of controlling grasshoppers, it was not 
uitil the beginning of this century that poison began to be used to destroy grasshoppers in 
Manitoba. During the years 1901 and 1902 the Manitoba government supplied paris green free 
to those farmers who would use it. ‘Vhis was used in baits which were scattered on the ground 
where the grasshoppers occurred. Bran was used as a carrier for the paris green. Norman Criddle 
recommended fresh horse manure as a carrier but this was used locally and only to a very 
limited extent. 


j 


In 1919 a bait known as the Kansas Bait containing bran, paris green, molasses, lemons or 
oranges and water was used. As the years passed experimental work in Manitoba showed that 
bran and sawdust mixed half and half gave good results as a carrier. ‘Phen citrus fruits were 
omitted and amyl acetate was substituted ‘as an attractant. Salt next replaced the amyl acetate. 
White arsenic subsequently took the place of paris green. It was found that salt was not ne- 
cessary and it was then omitted from the bait so that the mixture was made up of bran, sawdust, 
white arsenic and water. Later, sodium arsenite superseded white arsenic and cheap flour was 
added to the sawdust which mixture replaced the bran and sawdust. As long as baits were 
used continuous attempts were made to lessen the cost of the baits and still have them retain 
their effectiveness. Baits were discarded entirely at the beginning of the last outbreak which 
began in 1948 in favor of sprays. Chlordane and toxaphene were first used as poisons in water 
sprays and were followed by aldrin which was used at the rate of two ounces of actual toxicant 
per acre throughout the latter part of the campaign. 


Methods of mixing and applying prepared baits have changed somewhat with the passing 
years. At first baits were mixed on a cement floor with a shovel and then broadcast by hand. 
During the campaign which began in 1919, a bait mixing machine known as the Manitoba Poison 
Bait Mixer was designed and constructed for local use. ‘These mixers were made from prepared 
plans at bait mixing centers. Each machine was capable of preparing many tons of bait daily. 
As long as baits were used this type of machine gave greater satisfaction than any commercial 
‘machine available. It was made almost entirely from parts of old discarded machinery. Stirring 
rods revolved inside of a stationary drum. Additional details of this mixing machine, largely 
designed by Professor G. L. Shanks of The University of Manitoba are shown by Mitchener (1933). 
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During the 1919-1923 outbreak some farmers experimented with a machine called a hopper- 
dozer which caught and killed grasshoppers in containers holding water, covered with a film of 
coal oil. Although many bushels of grasshoppers were caught this machine was soon discarded 
in favor of the more effective baits. Some ingenious individuals attempted to develop burners, 
endgate and trailer type bait spreaders and other pieces of equipment useful for grasshopper 
control, but the interest was soon lost when it became apparent that baits and hand broadcasting 
of baits were much more efficient. 


Throughout the years when baits containing some form of arsenic were used, farm animals 
occasionally gained access to these prepared baits and were killed. No reports of injury to stock 
have been reported since sprays have been used, although still great care should be taken in 
storing and handling these newer poisons. 


During the last decade many farmers throughout Manitoba have purchased sprayers to 
control weeds. ‘These low volume sprayers, which will apply approximately five gallons of liquid 
per acre, were used widely during the 1948-1952 outbreak. The buffalo turbine was used to apply 
sprays along roadsides and other places where the common boom sprayer could not be used 
effectively. Spraying various crops to protect them from grasshopper injury is the modern — 
effective method of controlling grasshoppers. — 


The inception of grasshopper adult and ege surveys at the time of and after ege laying has 
been completed each year, proved to be very useful in organizing for the control campaign the 
following year. This survey was first made by Norman. Criddle, Federal Entomologist in 
Manitoba located at Treesbank and has been continued by R. D. Bird and members of his staff, 
Federal Entomological Laboratory, Brandon until the present time. ‘This annual survey has 
enabled officers of the Manitoba Department of Agriculture and Immigration to have some 
idea of the amount of toxicant that will likely be required the following year and to organize 
the municipalities involved, well in advance of the actual outbreak. Farmers can be warned 
to be on the alert to observe the first damage of the season and to be ready to apply control 
measures before much damage has been done to the crops. 


Outline of Control Organization 


During the grasshopper outbreak at the turn of this century the Manitoba government 
supplied paris green free to those farmers who would use it in a bait and apply it where needed 
on their farms. It was not until the 1919-1923 campaign was under way that a Provincial organi- 
zation was set up to manage the extensive operations. Wood (1933) outlined the Manitoba plan 
as it was in force during the 1931-1935 outbreak as follows: 


“The municipality is considered the unit of organization. Each municipality is expected to 
appoint a campaign manager. This officer, who may or may not be a member of the council, 
is responsible for the general conduct of the campaign in the municipality. He is assisted by 
a committee in each ward, consisting of the councillor and those whom the councillor may select 
to act with him. After the general policy to be followed in the municipality has been decided 
upon, the local committees look after such details as arranging for bait distribution centres, 
voluntary spreading where necessary on unoccupied lands, and dealing with farmers who fail 
to spread bait. Establishment and general supervision of mixing stations, ordering of supplies 
from the Provincial Department of Agriculture, keeping of records, and checking quantity of 
bait going out to farmers are only a few of the many problems under the direct care of the 
campaign manager. Proper co-ordination of a control campaign within the municipality is pos- 
sible only through a campaign manager, whose work in turn is linked up with the municipal 
office, through which supply orders, records, etc., are transmitted. 


The province heads up the work with an officer of the Department of Agriculture, who is 
responsible for the general conduct of the campaign. After the policy to be followed has been 
decided by the Minister of Agriculture, the task of organizing the municipalities, arranging for 
supplies and the distribution of these, are major problems. A circular outlining policy is mailed 
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to each municipality. In addition, whenever possible, the municipality should be visited and 
the details discussed with the council, and its co-operation enlisted. Such practice will go far 
to ensure effective work within the municipality.” 


This plan was used with modifications during the 1939-1942 campaign. When sprays replaced 
baits in the 1948-1952 campaign the Manitoba Department of Agriculture and Immigration 
Publication No. 121 (February 1949) was prepared stating the duties respectively of the Manitoba 
Government, the Municipality and the Farmer. Where previously the Government had provided 
the insecticide free now the cost was shared with the municipality and the farmer according to 
this plan. Where farmers controlled grasshoppers on their crop land they paid for the insecticide 
used. 


Predators, Parasites and Diseases of Grasshoppers 


No doubt there are many unknown factors affecting the increase and decline of grasshopper 
populations that are beyond our present knowledge. We do know, however, that certain pre- 
dators, parasites and diseases in addition to the general weather conditions have affected grass- 
hopper populations. Franklin’s gull has been seen by the writer by the thousands in infested 
fie'ds, devouring countless numbers of grasshoppers. Crows, grouse and other birds including 
the English sparrow feed on grasshoppers. Blister beetle larvae, the larvae of a carabid beetle, 
Percosia obesa (Say) and the larvae of the grasshopper bee fly, Systoechus vulgaris Loew all feed 
upon grasshopper eggs. A red mite (Trombidium sp.) occurs both on grasshoppers and in their 
egs pods. An egg parasite, Scelio calopteni Riley has been taken from grasshopper eggs in 
Manitoba. A fungus disease, Empusa grylli Fr. is, under favorable weather conditions for its 
development and spread, a most important control especially for Camnula pellucida (Scudd.). 
Almost entire populations of this species over widespread areas have been killed. The accelerated 
increase in grasshopper populations in two or three years when they reach very destructive pro- 
portions must be due to more than a lack of natural enemies. Likewise it is unlikely that the 
decline in population is due entirely to an increase in predatism, parasitism and disease. Ab- 
normal precipitation may have an effect on grasshopper outbreaks. 


Hargrave says, “within the period of certain knowledge the settlement (Red River) has been 
entirely flooded in the years 1809, 1826, 1852 and 1861 —— The river is lost in one vast sea, and 
the sole means of communication are boats and canoes.” Clark (1950) gives records of the Red 
River as being above flood level in the foilowing years: 1826 (36.75'), 1852 (34.75’), 1861 (32.5’), 
#950 (30.37). 1882.) 25.57), 1904 (24.57), 1916 (24.01), 1948 (23.4’), 1892 (22.5°), 1897 (22.427), 
1893 (22.1°), 1923 (21.2’), 1896 (20.73), 1945 (19.8), 1927 (19.4’), 1898 (19.0’), 1883 (18.61’). 
Flood level is 18.0 feet above datum at Winnipeg. The above datum level of the Red River at 
the highest point for the year is shown in brackets after each year listed above. 


It is impossible to measure the intensity of the grasshopper populations annually throughout 
the years of the recorded outbreaks. During the present century at least each outbreak began in 
a relatively small area, which increased in size and density of grasshopper population and -then 
subsided during the last years of the outbreak. Beginning with 1799 we have records of the 
presence of grasshoppers in Manitoba in 1800, 1808, 1818, 1819, 1820, 1821, 1857, 1858, 1864, 
1865, 1866, 1867, 1868, 1869, 1870, 1871, 1872, 1873, 1874, 1898, 1899, 1900, 1901, 1902, 1903, 
meee 1970-1921, 1922. 1923). 1930-1951, 1932, 19332.1934,1935,, 1937, 1938; 1939, 1940; 1941, 
1942, 1948, 1949, 1950, 1951 and 1952. 


During the period 1799 to 1953 inclusive there have been 48 years when grasshoppers have 
been recorded in injurious numbers in Manitoba. During that time the Red River has been 
above flood level 18 seasons. There may or may not be any significance in the fact that only 
during four of these 18 years when the Red River has been above flood level have we had grass- 


hoppers in injurious numbers in Manitoba and these years have occured during this century, 


two of the years being 1948 and 1950. Our own observations indicate that grasshoppers thrive 
best under dry warm conditions. 
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Observations 


That part of Manitoba situated south of the Riding Mountains and the south ends of Lake 
Manitoba and Lake Winnipeg has been affected most severely by grasshoppers during the past 
154 vears, although a few areas north of this general area have had scattered recorded outbreaks 


and invasions. 


The incursions of grasshoppers into Manitoba before the beginning of this century were 
confined to the Rocky Mountain grasshopper (migratory phase), Melanoplus mexicanus mexi- 
canus (Sauss.) originally Caloptenus spretus and later Melanoplus spretus Uhler. The environ- 
ment was not suitable for its continued reproduction in Manitoba and elsewhere and by the 
beginning of this century, species of grasshoppers native to Manitoba had replaced it almost 
entirely as a menace to agriculture. During the five outbreaks which have taken place beginning 
around 1898, three species of grasshoppers, namely, Camnula pellucida (Scudd.), Melanoplus 
mexicanus mexicanus (Sauss.) and Melanoplus bivittatus (Say) have been the most widespread 
and injurious grasshoppers in Manitoba. They are still our most destructive species although 
Melanoplus packardii Scudd. and Melanoplus femur-rubrum (Deg.) have been destructive 
locally. 


An examination of the records of grasshopper outbreaks in Manitoba during this century 
indicates that outbreaks have occurred at irregular intervals on the average approximately every 
twelve years. The records also show that it takes approximately six years from the time grass- 
hoppers begin to increase noticeably, to reach the peak of their abundance and then to decrease 
until they are no longer of economic importance. This means that somewhere in Manitoba 
grasshoppers have been of economic importance half of the years of this century. 


During an outbreak it is necessary for farmers to protect their crops by using some form of 
poison. Predators, parasites and disease are important over a period of years in bringing an 
outbreak under control but are no substitute for an active widespread control campaign. 


The destruction of egg pods either in short grassed areas along roadsides, fence lines, lanes, 
pastures, etc. or in cultivated fields by plowing or surface cultivation is recommended. This 
recommendation is as good now as it was when it was first made many years ago. 


Great changes have taken place during the past fifty years in the materiais and methods em- 
ployed in poisoning grasshoppers. The use of a relatively small amount of toxicant in a water 
spray on the growing food plants of grasshoppers is presently very successfully employed for 
their control. 


More attention should be given to control in the build up years of each outbreak. If sprays 
were applied to areas where populations are building up before they are of much economic 
importance it is possible that the severity of an outbreak could be minimized. This would 
involve alerting the farmers concerned and emphasizing the need of timely poisoning. Sprays 
containing an insecticide mixed with the herbicide used to kill farm weeds might be used 
effectively. 
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SUMMARY OF STUDIES ON NEW ACARICIDES 
-IN CANADA, 1948-1953° 


‘THOMAS ARMSTRONG? 
Entomology Laboratory, Vineland Station, Ontario 
This report on some of the new acaricides used for the control of the two-spotted spider mite, 


Tetranychus bimaculatus Harvey, the European red mite, Metatetranychus ulmi (Koch), and 
related species on fruit crops in Canada is based partly on laboratory investigations by the author, 


1Contribution No. 3178, Entomology Division, Science Service, Department of Agriculture, Ottawa, 
Canada. 


2Associate Entomologist. 
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reported in more detail elsewhere (3), and partly on orchard trials at the various laboratories 
of the Fruit Insect Unit of the Entomology Division. It is a continuation of the reports on 
acaricide investigations commenced in 1946 (1, 6) and deals with materials introduced from 1948 
to 1953 by various insecticide manufacturers. 


In the residual tests on each material, a number of uninfested bean plants were sprayed at 
one time, and at intervals over a period of at least 14 days two-spotted spider mites were intro- 
duced on a succession of these plants by placing pieces of heavily infested leaves upon them, 


two plants being used in each test. After 24 hours the active mites had moved to the plants and — 


the pieces of leaves were removed. Mortality records were taken seven, 14, and sometimes 21 days 
after the introduction of the mites on the sprayed foliage, by counting living and dead mites 
under a binocular microscope. All mortality records included not only the introduced mites 
but also those hatching from eggs deposited on the sprayed foliage (2). 


The following spray materials and amounts per 100 gal. were used in the compatibility tests: 


DDT, 50 per cent wettable powder, 2 Ib.; lead arsenate, 4 lb.; Dilan, 25 per cent solution, 1.33 pt... 


methoxychlor, 50 per cent wettable powder, 3 lb.; nicotine sulphate, 40 per cent, 1 pt.; ferbam, 
76 per cent wettable powder, 2 lb.; wettable sulphur, 10 lb.; phenyl mercury acetate (HL-331), 
0.5 pt.; Phygon XL, 55.5 per cent wettable powder, 1 lb.; glyoxalidine (Crag 341-SC), 3 pt.; 
Coposil, 2.5 lb.; Cupro-K, 4 lb.; COCS, 4 lb.; captan, 50 per cent wettable powder, 2 Ib.; 
bordeaux mixture, 5-5-100; hydrated lime, 10 Ib.; lime-sulphur, 2 gal. 


Some of the acaricides have been thoroughly tested under field conditions, and have been 
used with satisfactory results by fruit growers. Many others are still in the experimental stage 
and are not registered for commercial use in Canada. 


PARA-CHLOROPHENYL P-CHLOROBENZENESULPHONATE 
(C-854, Ovotran) 


Ovotran is a very effective acaricide with prolonged residual ovicidal toxicity. Many mature 
mites survived sprays of this material, but most immature forms, including eggs, were destroyed. 


The surviving adults continued to deposit eggs in large numbers on the sprayed foliage, but — 


these eggs failed to hatch over an extended period. 


Experimental trials and grower use have shown it to be one of the most effective materials 
to control the European red mite on apple in Ontario, Nova Scotia, Quebec, and British 
Columbia, and on peach and plum in Ontario. In Manitoba one application on raspberry before 
flowering gave excellent control of the Pacific mite, Eotetranychus pacificus (McG.), without 
damage to the foliage. 


No foliage injury to apple, peach, or plum due to sprays of Ovotran has been observed in 
Ontario, but some injury to apple foliage resulted: in British Columbia and Nova Scotia. 


Ovotran appeared to be compatible with all the commonly used spray materials. 


2,4-DICHLOROPHENYL BENZENESULPHONATE 
(Miticide 923, Genitol) 
A 50 per cent emulsifiable solution of Miticide 923 gave nearly 100 per cent mortality of active 


stages of the two-spotted spider mite at dilutions up to 1-1600. Similar high mortalities of the 
European red mite on peach were recorded in laboratory experiments. The ovicidal action against 


the two-spotted spider mite was good when Miticide 923 was used at 1-400 or stronger, but at | 


1-800 less than half of the sprayed eggs were destroyed. The residual action was comparatively 
poor. Although a large number of immature mites were killed by residues up to 10 days old, 
mature females survived to deposit large numbers of eggs; these hatched, and many of the mites 
were active on plants examined two weeks after being infested. 

A 


It is compatible with all the common insecticides and fungicides. 
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In orchard trials in British Columbia, Quebec, and Nova Scotia it gave good results against 
the European red mite on apple, but caused some foliage injury to apples in Nova Scotia and 
British Columbia. In Ontario, it adequately controlled the European red mite on apple when 
two applications of a 1-800 spray were applied on July 7 and 17. 


The manufacturer has not registered it in Canada. 


PARA-CHLOROPHENYL PHENYL SULPHONE 
(R-242, Sulphenone) 


Greenhouse tests indicated this chemical to be a very promising acaricide, especially against 
the two-spotted spider mite. Against the European red mite it was somewhat less effective. 
High mortalities of active forms of the two-spotted spider mite were recorded when they were 
sprayed with as little as 0.125 lb. of the active ingredient per 100: gal. The ovicidal toxicity was 
good; 89 to 99 per cent of the eggs were destroyed when sprayed with | to 4 lb. of the 50 per cent 
powder per 100 gal. The residual toxicity was of long duration, being in the same category as 
that of Ovotran. Mite populations introduced to sprayed foliage 14 days after spraying were 
destroyed to the extent of 90.3 per cent. 


This acaricide is compatible with all the commonly used insecticides and fungicides. 


In Ontario | lb. of 50 per cent R-242 in each of four cover sprays on apple gave good control 
of the European red mite; and in British Columbia, apple orchard trials gave promising xesults 
against the European red mite, the two-spotted spider mite, and the yellow spider mite, 
Eotetranychus carpini borealis (Ewing). ‘There was no fruit or foliage injury to apple or plum 
in Ontario orchard trials. 


Sulphenone has been recommended for the control of the clover mite, the European red 
mite, and rust mites in British Columbia since 1952. 


BETA-CHLOROETHYL-BETA- (P-TERTIARY BUTYLPHENOXY)-ALPHA 
METHYL-ETHYLSULPHITE 
(Miticide 88R, Aramite) 


In greenhouse experiments, Aramite, 15 per cent spray powder, gave excellent mortalities of 
both the two-spotted spider mite and the European red mite. When the powder was used at 
0.25 to 2.0 lb. per 100 gal., mite mortalities, two weeks after application ranged from 93.3 to 
100 per cent. 

This acaricide has poor ovicidal toxicity, destroying only 82.9 per cent of sprayed eggs at 
approximately 5 times the recommended dosage; at the recommended rate of 1.25 lb. of 15 per 
cent powder per 100 gal., the egg mortality was 12.1 per cent. However, the residual. action 
destroyed practically all mites hatching within a week after the application of the spray. 


Aramite may be combined with most of the commonly used spray materials except hydrated 
lime and bordeaux mixture. Under greenhouse conditions it caused no foliage injury to bean 
or peach. 


In British Columbia it has given satisfactory control in apple orchards against the Pacific 
mite and the yellow spider mite, but only fair control of the European red mite. In two years’ 
orchard trials in Ontario it controlled the European red mite on apple and peach, and the two- 
spotted spider mite on peach. 


Aramite has been registered for sale in Canada for some time, and its acaricidal value has 
been recognized by fruit growers in all parts of the country. 
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ETHOXYMETHYL-DI- (P-CHLOROPHENYL)-CARBINOL 
(Miticide 337) 


Ethoxymethyl-di- (p-chlorophenyl)-carbinol had good acaricidal action against the two- 
spotted spider mite, but was not as effective as its close relative 4,4-dichlorobenzilicacid ethyl 
ester (Miticide 338). Excellent mortalities of active forms were recorded when the 25 per cent 
emulsion of Miticide 337 was used at 0.5 to 4 pt. per 100 gal. The residual toxicity to active 
forms was low at 1 pt. or less.. 


High percentages of the eggs were destroyed when sprayed with 4 pt. per 100 gal.; at 2 pt. 
and 1 pt. the egg mortalities were reduced to 65.1 and 20.7 per cent respectively. Lower rates 
were of no value. 


A residue left by 2 pt. per 100 gal. on bean foliage gave high mortalities of active forms for 
3 days, and erratic mortalities from the fourth to the seventh day after spraying. Byond this 
point the toxicity of the residue was low. 


Miticide 337 was compatible with all the common insecticides and fungicides tested, although 
methoxychlor sprays delayed the acaricidal action slightly. 


One year’s trials against the European red mite on apple in Ontario indicated that Miticide 
337 at 0.5 pt. of 25 per cent emulsion per 100 gal. in 4 cover sprays was satisfactory. “Two appli- 
cation at ] pt. on plums also gave good control and no foliage injury. 


This material has not been registered in Canada. 


4,4-DICHLOROBENZILICACID ETHYL ESTHER 
(Miticide 338, Chlorobenzilate) 


The 25 per cent emulsion of 4,4-dichlorobenzilicacid ethyl ester, at 0.125 pt. or more per 
100 gal., destroyed practically 100 per cent of active forms, and at 0.5 pt. or more eliminated 
mite populations 14 days after spraying. In residual action it ranked with the best of all acari- 
cides tested. For 14 days after spraying, residues of a spray containing 1 pt. of the 25 per cent 
emulsion per 100 gal. continued to destroy very high percentages of the active stages of the two- 
spotted spider mite, and a 3-week-old residue killed 61.8 per cent of the mites. One pint per 
100 gal. destroyed close to 100 per cent of the eggs; 0.5 pt., 55 per cent. 


Acaricide 338 did not lose its effectiveness when combined with any of the common insecti- 
cides and fungicides. When it was combined with 10 lb. of hydrated lime per 100 gal. the mor- 
tality of mites was slightly delayed, but not to such an extent as to affect the residual toxicity. 


In orchard tests on apple and plum in Ontario, it gave very good control of the European 
red mite. However, two applications of 1 pt. of the 25 per cent emulsion per 100 gal. plus lead 
arsenate and suiphur on plums caused light to very severe foliage injury, depending on the 
variety, and resulted in some instances in heavy loss of leaves. ‘There was a slight amount of 
leaf injury on Delicious apple. 


It has not been registered in Canada. 


BUTOXYPOLYPROPYLENE GLYCOL 
(Miticide 7) 


Butoxypolypropylene glycol, 92 per cent solution, had good acaricidal action against active 
forms of the two-spotted spider mite at 1-200 to 1-800. High rates also destroyed high percentages 
of eggs, but at 1-800 the ovicidal toxicity was reduced to 41.7 per cent. The residual action was 
outstanding; 25 days after spraying, over 80 per cent of a mite population was destroyed, and 
newly hatched mites from eggs deposited on the sprayed foliage were succumbing in large 
numbers. Miticide 7 has a comparatively slow action. 
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This material was compatible with most of the commonly used insecticides and fungicides 
except hydrated lime and bordeaux mixture, which reduced the lethal action to a considerable 
extent. 


_ 


Water sprayed on residues of Miticide 7 reduced the killing action, including ovicidal toxicity, 
to a considerable degree. For instance, a 1-400 spray destroyed a mite population when the 
residue remained dry, but when syringed with water for 1 min. at 6 hours after spraying, the 
mortality was reduced to 69 per cent. Similarly, egg mortalities from a 1-200 spray were reduced 
from 100 to 59.6 per cent when water was sprayed over the residues. This suggests uncertain 
results under orchard conditions. 


In Ontario the European red mite was fairly well controlled in the orchard with 15 fl. oz. 
per 100 gal. of Miticide 7, used in 4 successive cover sprays on apple. However, noticeable leaf 
scorch developed after the second application and this injury increased after subsequent sprays. 


It has not been registered for sale in Canada. 


ILLOXOL 


Illoxol (60% polychlorendomethylenetetrahydrindene) has both insecticidal and acaricidal 
properties, which are not commonly found together in chlorinated hydrocarbons. It destroyed 
aphids, the pear psylla, Psylla pryicola Foerst., and the plum curculio, Conotrachelus nenuphar 
(Hbst.), and at comparatively strong dosages was a satisfactory acaricide. At dilutions of 1-400 
of a 60 per cent emulsion the initial toxicity to active forms of the two-spotted spider mite, and 
the residual toxicity to newly hatched mites, were high. The ovicidal action was not pronounced, 
and the residual toxicity to the two-spotted spider mite beyond the larval stage was poor. 


Illoxol was compatible with all the commonly used spray materials tested except glyoxalidine. 


Orchard tests with it in 1953 against a number of pests had to be abandoned when injury to 
peach, plum, and pear occurred. Two applications of a spray of sulphur and Illoxol on peach 
caused severe leaf injury and heavy defoliation; the fruit of several varieties of plums also was 
injured by this combination. The fruit injury was a characteristic russetting severe enough to 
spoil the appearance. 


This material is still in the experimental stage, and has not been registered for sale in Canada. 


2-HEPTADECYLGLYOXALIDINE ACETATE 
(Glyodin, Crag 341SC, Crag Fruit Fungicide) 


Glyoxalidine, which is primarily a fungicide, had some acaricidal action. At the recom- 
mended rate of 3 pt. of the 34 per cent solution per100 gal., 86 per cent of a two-spotted spider 
mite population was destroyed. In combination with the small quantity of hydrated iime re- 
commended by the manufacturer, its acaricidal action was reduced considerably. 


This spray material has no ovicidal or residual toxicity to mites. However, in greenhouse 
experiments three applications at 10-day intervals gave adequate control of a two-spotted spider 
mite infestation. 


In orchard tests in both Ontario and Nova Scotia, Crag Fruit Fungicide without lime held 
the European red mite under control, but with lime added the mite populations througheut the 
season were only slightly lower than those on the check trees. 


DINITRO CAPRYLPHENYL CROTONATE 
(Arathane, Karathane, Mildex, Iscothan) 


At 1 Ib. or more of the 25 per cent spray powder per 100 gal., Arathane destroyed from 84.7 
to 100 per cent of active forms of the two-spotted spider mite; at 0.5 lb. it killed 97.7 per cent 
of the European red mite. It has very good residual toxicity, and some, but not pronounced, 
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ovicidal action. It acts slowly. A spray of 1 lb. of 25 per cent powder per 100 gal. destroyed 
57.6 per cent of active two-spotted spider mites after 3 days, and 86.3 per cent after 7 days. 


Arathane was compatible with most of the comon spray materials except bordeaux mixture 
and hydrated lime. 


In apple orchard tests in Ontario, Arathane in two sprays applied on June 22 and July & 
gave fair immediate reduction in population of the European red mite with a rapid build-up 
during August. Variable results from it, some ot them not satisfactory, were reported from 
orchard tests in British Columbia and Nova Scotia. : 


Slight injury in the form of small brown spotting occurred on plum foliage when Arathane 
was applied at | or 2 lb. of 25 per cent powder per 100 gal. Cherry seedlings and bean foliage 
were uninjured by this -acaricide. 


ETHYL P-NITROPHENYL THIONOBENZENEPHOSPHONATE 
(EPN) - 


In ereenhouse experiments very small amounts of EPN gave high mortalities of the two- 
spotted spider mite; 1 oz. of the 31.5 per cent powder per 100 gal. destroyed all mites on plants 
sprayed two weeks before examination. The powerful residual action destroyed mites that 
hatched from eggs present on the plants when sprayed. EPN was not a good ovicide; | Ib. of 
the powder per 100 gal. killed 65.6 per cent of the eggs, and at weaker concentrations the morta- 
lities were negligible. 


Few experimental acaricides so far tested possessed such longlasting residual toxicity. 
Mortality of mites introduced 12 days after the foliage was sprayed with 0.25 Ib. of the 31.5 per 
cent powder per 100 gal. was almost 100 per cent; at 14 days, 80 per cent; and at 20 days, 70 per 
cent. 


When combined with bordeaux mixture or hydrated lime, the acaricidal action of EPN was 
almost completely destroyed. It was compatible with all other spray materials tested except 
possibly methoxychlor. 


Orchard tests with EPN have generally given very good results against various species of 
mites. In Ontario, 0.5 or | Ib. of 27 per cent powder per 100 gal. in two applications on plum 
held the European red mite to insignificant numbers throughout the season, and on apple two 
summer applications of 0.5 lb. per 100 gal. was the best acaricide program out of nine tested in 
1950. EPN at 0.75 lb. per 100 gal. in 5 applications on Elberta peaches in an experiment for 
the control of the oriental fruit moth, Grapholitha molesta (Busck), gave almost 100 per cent 
mortality of the European red mite, but poor control of the two-spotted spider mite that moved 
to the trees from the cover crop of weeds late in the season. 


EPN controlled the European red mite and the yellow spider mite, but was less effective 
against the two-spotted spider mite and the Pacific mite in British Columbia. In Nova Scotia 
and Quebec excellent protection against the European red mite attacking apple was secured. 


Apple foliage injury, sometimes severe, occurred chiefly on Mcintosh or McIntosh strains 
in Nova Scotia, British Columbia, and southwestern Ontario when a 27 per cent wettable powder 
at 0.5 to 1 Ib. per 100 gal. was applied at the pink stage of development. No foliage injury 
developed in the Niagara peninsula of Ontario on apple, pear, plum, or peach. However, in 
the Niagara experiments, apple sprays of EPN were applied in the second and third cover Sprays 
approximately 5 weeks later than the pink stage. 


Besides its very satisfactory acaricidal action, this phosphorus compound has insecticidal 
properties of value, controlling such important pests as the pear psylla, aphids, the plum 
curculio, and the oriental fruit moth. 
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METACIDE 


(Gearphos) 


Metacide, a 33.3 per cent solution of the methyl analogue of parathion and related compounds, 
at dilutions up to 1-2000 destroyed over 90 per cent of active forms of the two-spotted spider 
mite, and dilutions of 1-4000 and 1-8000 killed 86.8 and 70.6 per cent respectively. The residual 
and ovicidal toxicities were poor. Mite populations examined two weeks after spraying with 
a 1-500 dilution showed 77.4 per cent mortality; with 1-1000, 56.5 per cent. At all dilutions 
some of the mites that hatched from eggs present when the sprays were applied survived. 


Metacide is compatible with other spray materials in so far as the immediate mortality is 
concerned. 


In Ontario, 6 fl. oz. per 100 gal. in each of four cover sprays controlled the European red 
mite on apple, and 15 oz. per 100 gal. in two applications 10 days apart controlled the same 
species on prunes. In Quebec, one summer application at 1 pt. per 100 gal. gave control of the 
European red mite on apple for one month. 


Metacide at 15 oz. per 100 gal. was responsible for some foliage injury on pear. This injury 
was of minor importance, but was more conspicuous than that caused by parathion in neigh- 
bouring plots. No foliage injury occurred on apple. 


DIETHYL-METHYLCOUMARINYL THIOPHOSPHATE 
(Potasan, Miticide E-838) 


Tests in the greenhouse indicated that Miticide E-838 had about the same value as parathion 
as an acaricide, with probably a better residual toxicity. A 60 per cent solution diluted to 
1-4000 destroyed close to 100 per cent of active populations of the two-spotted spider mite, and 
retained good residual toxicity after 14 days. The ovicidal action was poor, but newly hatched 
mites were destroyed rapidly by the spray residues. 


The immediate toxicity was reduced to some extent when Miticide E-838 was used with lead 
arsenate, methoxychlor, bordeaux mixture, sulphur, or hydrated lime. It was compatible with 
other commonly used spray materials tested. The residual action was greatly reduced in the 
presence of bordeaux mixture or hydrated lime. 


No foliage injury occurred on bean. 


S- (1,2-DICARBOETHOXYETHYL)O,O-DIMETHYL DITHIOPHOSPHATE 
(Malathion, Malathon, 4049) 


Very high mortalities of the two-spotted spider mite resulted when malathion was used 
at 1 Ib. of the 25 per cent powder per 100 gal. At rates lower than 0.5 Ib. the lethal action was 
_ reduced considerably. Against the European red mite in insectary tests high mortalities were 
_ given by 2 Ib. of the powder per 100 gal., fair mortalities by 0.25 to 1 lb., practically none by 
0.125 Ib. 


The ovicidal action was poor, most of the eggs hatching when sprayed with 4 Ib. of 25 per 
cent powder per 100 gal. 


In residual action tests under greenhouse conditions, malathion gave high mortalities for 
approximately 10 days after application. A 14-day residue destroyed over 50 per cent of a mite 
population. Up to the fourth day mature mites were killed rapidly, laying very few eggs before 
succumbing. 


Hydrated lime and bordeaux mixture were incompatible with malathion. All other commonly 
used spray materials tested had no effect on its toxicity. 
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In Ontario, four applications of 25 per cent malathion powder at 1 Ib. per 100 gal., applied 
in successive cover sprays on apple, gave fairly satisfactory control of the European red mite, 
but were not as effective as four sprays of 15 per cent parathion poyder at 0.5 lb. On prunes, 
two sprays of 2 Ib. per 100 gal. at the shuck stage and 10 days later kept the p Ruta red mite 
down to insignificant numbers for the whole season. 


No foliage or fruit injury from malathion has occurred on peach, plum, pear, or apple in 
the Niagara peninsula. 


O0,0-DIMETHYL 0O,3-CHLORO-4-NITROPHENYL THIOPHOSPHATE 
(Chlorthion, 22/190) 


Chlorthion, an excellent aphicide, was only a fair acaricide. A 50 per cent emulsion at the 
high rate of 2 pt. per 100 gal., killed 91.4 per cent of the two-spotted spider mite, and the re- 
sidual mortality after 14 days was 68.7 per cent. Weaker dosages gave much poorer results. The 
ovicidal toxicity was of little value; a spray containing 4 pt. per 100 gal. destroyed only 13.5 per 
cent of the eggs of the two-spotted spider mite. 


DIETHOXY THIOPHOSPHORIC AZIDE 
(E-1550) 


A 56 per cent emulsion of diethoxy thiophosphoric azide killed from 90.3 to 100 per cent of 
active forms of the two-spotted spider mite at dilutions of 1-3200 to 1-200. Eggs were not de- 
stroyed, and almost all mites hatching from them on sprayed folliage survived. There was little, 
if any, residual toxicity. 


This acaricide appeared to be compatible with all the commonly used spray materials. 
Hydrated lime and lead arsenate reduced the toxicity to some extent, but bordeaux mixture 
had no effect. 


Bean foliage was not injured by E-1550 sprays. 


N,N-DIETHYLTHIOCARBAMYL-O,0-DIISOPROPYL DITHIOPHOSPHATE 
(Compound 326) 


This phosphate chemical, when tested in the greenhouse against the two-spotted spider mite, 
was in the same category as parathion as an acaricide. A 25 per cent spray powder at 0.125 Ib. 
or more per 100 gal. destroyed 90.3 to 100 per cent of active forms. Its residual toxicity lasted 
sufficiently long to eliminate a mite population sprayed with 0.5 lb. per 100 gal. Its ovicidal 
toxicity was satisfactory only at a dosage of at least 2 lb. per 100 gal. 


The residual action was good for 3 days after spraying under greenhouse conditions. Some 
mites were destroyed for 14 days; but after the second day, eggs laid by surviving females hatched 
and a substantial percentage of the new mites survived on the sprayed foliage. 


The immediate toxicity of Compound 326 was not affected by any of the commonly used 
spray materials except hydrated lime, but the residual action was materially reduced by lime- 
sulphur, bordeaux mixture, or hydrated lime. 


In Ontario, the European red mite was satisfactorily controlled on plums when sprayed with 
Compound 326 at 2 lb. of the 25 per cent powder per 100 gal. at the shuck stage and 10 days jater. 


BIS (DIMETHYLAMINO) PHOSPHONOUS ANHYDRIDE 
(Schradan) 


A 45 per cent emulsion of schradan was very effective against greenhouse populations of the 
two-spotted spider mite at dilutions up to 1-8000 applied as foliage sprays. Against the European 


ee 


SE 


SOCIETY OF ONTARIO AS 


red mite on peach seedlings it was not quite as effective and did not give high mortalities at 
dilutions greater than 1-3200. 


The residual action was long-lasting and effective. Almost 100 per cent of two-spotted spider 
mites were destroyed when placed on bean foliage sprayed up to 21 days previously with 45 per 
cent schradan, 1-800, and 64 per cent when placed on foliage sprayed 39 days previously. 


When combined with hydrated lime, schradan gave poor mortality of mites at the time of 
spraying; bordeoux mixture, Dilan, and methoxychlor reduced the lethal action to a lesser extent. 
Schradan was compatible with DDT, lead arsenate, ferbam, sulphur, glyoxalidine, and captan. 


As there has been some reluctance to use systemic poisons on fruit, very little orchard ex- 
perimental work has been done on them. In British Columbia, applications of 2 or 4 pt. of 
45 per cent schradan per 100 gal. to apple trees gave excellent control of the European red mite 
for 1 and 2 months respectively. In a further test, control of the clover mite throughout the 
season resulted when apples were sprayed at the pink stage with 2 pt. per 100 gal. At | pt. per 
100 gal. in a summer spray (June 28), schradan failed to give control of the clover mite. 


No foliage injury occurred on bean, pear, plum, or peach in Ontario, but slight injury to 
Newton apple leaves was reported in British Columbia. 


ETHYL MERCAPTOETHYL DIETHYL THIOPHOSPHATE 
(Demeton, 8173, Systox) 


A 70 per cent solution of the systemic insecticide demeton at dilutions as great as 1-64,000 
applied as foliage sprays, satisfactorily controlled both the European red mite and the two- 


spotted spider mite in the greenhouse. Even at 1-128,000, mortalities were remarkably high. 
Sprays of 1-1000 destroyed most of the eggs, but weaker sprays had little ovicidal toxicity. 


When active stages of mites were placed on foliage sprayed with 70 per cent demeton at 1-800, 
the residues continued to destroy them for 4] days, the duration of the experiment. 


When combined with the commonly used insecticides and fungicides, this acaricide remained 


effective against the two-spotted spider mite. 


In Ontario orchard trials, a 50 per cent emulsion of demeton, at 1 pt. per 100 gal. in two 
applications on June 11 and June 19, gave excellent control of the European red mite on apple. 
The population was held to approximately 0.15 to 0.2 mites per leaf for almost 2 months after 
the last application, whereas on the check trees there were 15.8 to 75.0 mites per leaf during the 
same period. In British Columbia, 0.25 pt. of 50 per cent demeton per 100 gal. controlled the 
clover mite, the two-spotted spider mite, and the Pacific mite very satisfactorily for long periods 
in apple orchard tests. 


ETHYL SELENOETHYL DIETHYL THIOPHOSPHATE 
(8172) 


The systemic chemical ethyl selenoethyi diethyl thiophosphate was even more effective as an 
acaricide than demeton. Dilutions of the 70 per cent emulsion at 1-2000 destroyed two-spotted 
spider mite eggs, and high percentages of active mites were destroyed by dilutions as great as 
1-128,000. 


The residual toxicity of a 1-2000 spray of 8172 was pronounced, the residues giving 100 per 
cent mortality for at least 17 days, the duration of the experiment. 


This acaricide was compatible with all the commonly used spray materials except hydrated 
lime which reduced the mortality. 


No orchard experiments have been attempted with this systemic material. 
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SUMMARY 


; he : \ : 
Notes are presented on the effectiveness of 20 new acaricides against the two-spotted spider 
mite and other mites attacking fruit trees, on the basis of greenhouse experiments in Ontario 
and orchard investigations in Nova Scotia, Quebec, Ontario, and British Columbia. 


Para-chlorophenyl p-chlorobenzenesulphonate had powerful ovicidal action with a residual 
toxicity for a long period. Para-chlorophenyl phenyl sulphone destroyed active mite forms and 
eggs but did not have residual ovicidal action for so long. Beta-chloroethyl-beta- (p-tertiary 
butylphenoxy)-alpha-methyl-ethylsulphite had poor ovicidal toxicity but killed active forms 
satisfactorily for at least a week after the spray application. These three important acaricides 
have already found a place in orchard control programs after a few years of testing in the 
greenhouse and the orchard. 


Ethoxymethyl-di- (p-chloropheny])-carbinol and its close relative 4,4-dichlorobenzilicacid ethy\ 
ester had good acaricidal properties. The latter was the better acaricide in greenhouse triais 
against the two-spotted spider mite, having a longer residual toxicity and a more pronounced 
ovicidal action. However, 4,4-dichlorobenzilicacid ethyl ester sprays were phytotoxic in some 
orchard trials. 


Butoxypolypropylene glycol showed considerable promise, but foliage residues washed away, 
reducing mite mortalities greatly. Illoxol, a chlorinated hydrocarbon, possessed both insecticidal 
and acaricidal properties. Its acaricidal action was not so good as those of several other chemicals 
tested. Glyoxalidine, primarily a fungicide, destroyed fairly high percentages of active mite 
forms, but had no ovicidal or residual toxicity. Dinitro caprylphenyl crotonate gave variable 
results, and produced some foliage injury. 


The outstanding acaricides among the phosphorus compounds tested were ethyl-p-nitrophenyi 
thionobenzene phosphonate (EPN) and S- (1,2-dicarboethoxyethyl)0,0-dimethyl dithiophosphate, 
both of which gave good results in orchard trials. EPN gave very good control of several species 
of mites and owing to its prolonged residual toxicity was superior to parathion as an acaricide. 
N,N-diethylthiocarbamyl-0,0-diisopropyl dithiophosphate showed considerable promise in the 
greenhouse trials, but further field work with it is required. It did not have the long-lasting 
residual action of some of the other phosphate acaricides. : 


The systemic phosphorus chemicals were outstanding, especially from the standpoint of 
residual toxicity, in which respect demeton was superior to schradan. 


Several other chemicals with acaricidal properties were tested, some of which, after further 
orchard trials, may prove valuable. 
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THE EUROPEAN CORN BORER, PYRAUSTA NUBILALIS (HBN.) 
(LEPIDOPTERA: .PYRALIDIDAE), IN CANADA: A REVIEW* 


H. B. WRESSELL? 


Entomology Laboratory, Chatham, Ontario 


Since it was first found in Canada in 1920, the European corn borer, Pyrausta nubilalis (Hbn.), 
has spread widely and fairly rapidly. In 1953, it was found in all provinces except Newfound- 
Jand, Alberta, and British Columbia. The most recent paper on the borer in Canada was that 
by Keenan (10) in 1927. There have been notable changes in the status of the borer since 
that date. 


The writer visited the corn-growing areas in Manitoba, southern Saskatchewan, and the 
Taber-Lethbridge district of Alberta in 1952, and those in Quebec and the Maritime Provinces 
in 1953. This paper reviews the history of the borer in Canada and its present status. 


HISTORY OF THE INSECT 


Ontario.—The European corn borer was first reported in Canada near Welland, Ontario, on 
August 10, 1920 (11). However, the borer was known to corn growers in the St. Thomas—Port 
Stanley area as early as 1910 (9). From 1920 to 1930, the borer spread rapidly throughout the 
corn growing areas of Ontario. The intensity of infestation was greatest in the counties of Essex 
and Kent, where from 70 to 80 per cent of the Canadian grain corn is grown. So severe was the 
infestation in this region that farmers seriously considered growing other crops instead of corn, 
but a combination of circumstances arose that made so extreme a measure unnecessary. 


In Ontario, the Corn Borer Act of 1927 was passed in an attempt to check the growing 
menace of this pest (4). This required farmers in areas where the Act was in force to suitably 
dispose of corn stubble in the spring, thus destroying borers which had overwintered. For several 
years after the Act was passed, it was thought that this measure greatly reduced the borer 
population. In retrospect, it is evident that this means of control was over-rated. It is true that 


infestation in Ontario was reduced after the introduction of the Act, but other factors appear 


to be responsible. 


The principal factor in the reduction of the borer population in the early 1930’s was the 
weather. Stirrett (16) showed that high temperatures and low precipitation during June and 
July were associated with low infestation by the borer. This was especially true in 1934, when 
the infestation by the borer was the lowest ever recorded (3). Writing about conditions in the 
neighbouring state of Indiana, Davis (5) stated that the season of 1934 definitely set back the 
borer several years, at least in the drought areas of the central west. 


Beginning about 1938, larger acreages of hybrid corn were planted in the province. ‘This 
undoubtedly helped reduce the borer infestauon, although it is difficult to estimate to what 
degree. It is known that the sturdiness of the plant increases the degree of tolerance after the 
borer gains entry (17). In a year of severe infestation such as 1949, hybrid corn was sturdy 
enough to carry a high borer population with little stalk breakage. 


1Contribution No. 3193, Entomology Division, Science Service, Department of Agriculture, Ottawa, 
Canada. 


2Agricultural Research Officer. 
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The multivoltine strain of the borer has increased greatly in Ontario since 1940, causing im- 
portant changes in the borer situation (19). Stalk damage is caused mainly by the first gene- 
ration. Under favourable conditions, second-generation borers may cause serious damage to the 
ears by feeding on the kernels and by boring into the shank, causing ear drop. In a year of 
severe infestation, the latter type of damage could be important in the grain corn district. 
Generally, however, canning corn is mainly affected by second-generation borers. Frequently, 
field-grown peppers are also infested by the second generation. 


In recent years, sweet corn acreage has increased considerably. Formerly, the growing of this 
crop was hazardous because of the constant threat of borer damage. The use of insecticides, 
such as DDT and ryania, has reduced this threat appreciably. 


Quebec.—The history of the borer in Quebec is similar to that in Ontario except that corn 
is not so important a crop nor, in general, has the infestation been as severe. According to 
Keenan (10), the borer was first found in Quebec in 1926, in several widely scattered places. 
This was the single-generation strain. In 1953, there was evidence of a partial second generation 
in the area south of Montreal. The borer is regarded as a serious pest of sweet and canning 
corn in this province. 


_ Maritime Provinces.—Gorham et al. (7) reported that the borer was first found in the Mari- 
times in the St. John valley in 1928. Infestation seems to have been very light and scattered, 
and from 1931 to 1944 it was not recorded in New Brunswick (18). In 1945, the borer again 
appeared in that province. Gorham (8) stated that ‘“‘a light but widely scattered infestation was 
found in New Brunswick, the result probably of a flight of the adult moths from New England.” 
The borer seems to have become established then, since it is now regarded as a permanent pest 
by sweet corn growers in the St. John-Grand Lake region. The fields, although of small acreage. 
are widely distributed and are an important source of revenue to the farmers. Consequently, 
the presence of the borer is viewed with concern. 


In Nova Scotia, the borer first appeared in 1929 in widely scattered parts of the province (6). 
This apparently was the two-generation strain, although only a single generation was present 
in 1953. The insect is now regarded as a serious pest in the Annapolis Valley. 


Two larvae found in 1949 constitute the only known record for Prince Edward Island (2). 


Western Canada.—The borer was recorded for the first time in both Saskatchewan and 
Manitoba in 1949 (12), presumably arriving there by way of the adjacent states of Minnesota 
and North Dakota (14). In Saskatchewan, the infestations were first found in the semi-arid 
prairie area around Estevan; sweet corn is grown only in backyard gardens, but it constitutes an 
important food item. According to Stewart and Putnam (15), the borer was found in the 
Saskatoon area in 1953. In Manitoba, Smith (14) stated that the borer was first found on the 
experimental plots at the Morden Experimental Station on August 4, 1949. 


PRESENT STATUS OF THE BORER 


So far as Ontario and Quebec are concerned, the borer remains a pest of prime importance. 
It seems improbable, however, that outbreaks will again arise comparable with those of 1926 
and 1927. The use of hybrid varieties and insecticides reduces damage in grain corn, even in an 
outbreak year. Insecticides, if correctly applied, check the borer in sweet corn, and there has 
been no evidence of development of strains resistant to insecticides. 


In the Maritime Provinces, the borer is more important than formerly. The sweet corn 
acreage has been increased, and in the Wolfville-Kentville area the growing of sweet corn has 
become an important industry. The product is graded, pre-chilled, and packaged for shipment. 
This corn is of a superior type and must be borer-free. ‘The methods of combatting this insect 
are not as well organized as in Ontario and Quebec, but there is no reason to suppose that these 
methods will not be improved. 
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The borer is a new pest in Western Canada and corn acreages are smaller than in the east. 
In Manitoba, however, a considerable acreage of field corn, sweet corn, and canning corn is 
grown. Here the borer has caused considerable damage, and it is regarded as a pest of increas- 
ing importance. It has been found at several widely scattered points in Saskatchewan, but it is 
too early to state to what degree it will affect the agricultural economy. It appears that this 
insect readily survives the cold temperatures and semi-arid conditions of the southern prairie 
region; in ‘Russia the borer is found under similar conditions at a more northern latitude than 
in Canada (1). 


There is no evidence of the borer in Alberta. It has, however, spread well across the Great 
Plains, in the United States, being present in both Montana and Wyoming (13). It will probably 
be only a matter of time before it reaches the irrigated areas of southern Alberta. Canning corn 
is grown in considerable acreage on irrigated land in the Vaber-Lethbridge district. The manner 
of growing the corn is such that infestation could very quickly spread in a particular field where 
the microclimate has high temperature and high humidity. Cool nights, however, may help 
to reduce moth flight should the borer reach Alberta. 


SUMMARY 


The European corn borer, which has been a serious pest of corn in Ontario and Quebec for 
over 30 years,,is now found in Canada from’ the Maritime Provinces to south-central Saskat- 
chewan. The shelled corn industry does not suffer to the same extent as formerly, partly because 
of the development of hybrid corn and partly because of the increase of the second generation 
of the borer. New methods of agriculture in Nova Scotia and Manitoba have increased the 
importance of this insect in those provinces. In southern Alberta, choice canning corn is grown 
on irrigated land; so far the borer has not been found in that province, but it is present in the 
eastern part of the neighbouring state of Montana. ‘The borer remains an important pest in 
sweet corn in Eastern Canada, but means of control are better and more readily available than 
formerly. 
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PARASITISM OF TWIG-INFESTING LARVAE OF THE ORIENTAL 
FRUIT MOTH, GRAPHOLITHA MOLESTA: (BUSCK) 
(EEPIDOPTERAs: OLED EREUT Das, 

IN ONTARIO, 1939 — 1953" 


H. R. Boyce? and G. G. DustTan® 


This paper is primarily a comparison of parasitism of twig-infesting larvae of the oriental 
fruit moth, Grapholitha molesta (Busck), in young peach orchards in Essex County and in the 
Niagara Peninsula, before and after DDT and parathion came into use for control of the moth 
and several other pests of peach. Data on parasitism for the years 1939 to 1946 were published 
by Boyce (1) in 1947, and are included with those obtained for the years 1947 to 1953. 


The peach-growing areas of Essex County and the Niagara Peninsula are approximately two 
hundred miles apart. In the intervening area few peaches are grown. 


TRENDS IN USE OF INSECTICIDES IN PEACH ORCHARDS 


During 1929 to 1945, reliance was placed on weather conditions, native species of natural 
enemies, and the introduced parasite Macrocentrus ancylivorus Rohw. to control the oriental 
fruit moth. After a severe infestation in 1945, and experimental work with DDT as reported 
by Dustan et al. (2), DDT was introduced in 1946 in some commercial orchards of the Niagara 
Peninsula (Lincoln and Welland counties) to aid in the control of the moth. In Essex County, 
however, DDT sprays were not applied until 1948. The use of DDT in peach orchards has be- 
come general in both areas. 


1Contribution No. 3170, Entomology Division, Science Service, Department of Agriculture, Ottawa, 
Canada. 


2Officer-in-Charge, Entomology Section, Science Service Laboratory, Harrow, Ontario. 
3Officer-in-Charge, Entomology Laboratory, Vineland Station, Ontario. 
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The DDT spray program usually followed has consisted of two sprays in early July and one 
in August. In the Niagara Peninsula these are applied to bearing peach trees; they are usually 
not applied to the two- to five-year-old trees, from which collections were made in the present 
study. A few growers, particularly in the Vineland area, spray both young and old peach trees 
with the three regular sprays of DDT. In addition they make two applications of either DDT 
or parathion in late May and early June. In Essex County, however, most growers apply the 
three regular sprays of DDT to trees of both age groups. 


Some rowers in the Niagara Peninsula began to use parathion in 1949 for the control of 
mites. In this area spraying with this material increased in subsequent years following recom- 
mendations that it be used for the control of the cottony peach scale, mites, and the oriental 
fruit moth during July, and of the plum curculio during late May and early June. Meanwhile 
the recommended rates of application were increased gradually from three-quarters of a pound 
of 15 per cent parathion in 1949 to one and one-half pounds in 1953. 


In Essex County, however, growers used parathion only to a very limited extent in a few 
orchards. ‘Thus a considerable difference has occurred between the Essex County and Niagara 
Peninsula areas in the usage of two insecticides that might influence population levels of the 
several species of larval parasites of the oriental fruit moth. 


METHODS 


Though the oriental fruit moth has three generations and sometimes a partial fourth each 
year in Ontario, surveys of parasitism were limited to twig-infesting larvae of the first two 
generations. ‘The difficulty of getting adequate collections of larvae of the two later generations, 
which feed almost entirely in the fruit, prevented gathering of reliable information on their 
parasitism. 


Infested peach twigs were collected each year from numbers of two- to five-year-old peach 
orchards when larvae of the first and second generations reached their respective peaks of 
abundance. Before 1948, attermpts were made to collect 100 twigs from each orchard, but com- 
mencing in 1948 all collections were made by spending one man-hour in each orchard, except 
where the infestation was so low that the entire orchard was examined in less than that time. 
In Essex County very few, small collections were made in 1942 and nene in 1943. Methods of 
rearing the collected material in an insectary were described by Boyce (1) in 1947. In all cases 
the percentage parasitism was calculated on the basis of the total number of oriental fruit moth 
and parasite adults reared from each collection. 


RESULTS AND DISCUSSION 


The percentage of parasitism by each of the most prevalent species, namely Macrocentrus 
ancylivorus Rohw., Horogenes obliteratus (Cress.), Macrocentrus delicatus Cress., Glypta rufiscu- 
tellaris Cress., and Cremastus minor Cush., is given in Tables I to IV, and the average percentage 
parasitism by M. ancylivorus before and after the use of DDT or parathion or both is given 
in Table V. 


In Essex County during 1936 to 1939, and again during 1946 and 1947, M. ancylivorus was 
colonized extensively. These colonizations temporarily increased the numbers of the parasite, 
but it rapidly declined after colonization ended. In the Niagara Peninsula, however, the 
parasite was not liberated after 1935. Despite these differences it is evident from the data in 
the tables that both generations of M. ancylivorus have been consistently more abundant in the 
Niagara area than in Essex County since 1939. 


The situation with regard to the native parasite M. delicatus was just the reverse; this species 
has always been much more abundant in Essex County than in the Niagara Peninsula. ‘The 
reason for this difference is not known. M. delicatus continues to be abundant on the ragweed 
borer, Epiblema strenuana (Wlky.), in the Niagara district. 
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AVERAGE PERCENTAGE PARASITISM BY M. ANCYLIVORUS 
BY AREAS AND PERIODS 


Essex Niagara 
County Peninsula 
Period ; Ist gen. 2nd gen. lsteens \2ndeen, 
1939-1947, before DDT or parathion or both were used 5.8 27.0 24.0 530) 
19-48-1953, after DDT or parathion or both were introduced 20.1 33 42.3 Doe 


Before the use of DDT and parathion there were no marked differences in the abundance 
of the other native parasites in the two peach-growing areas, except that G. rufiscutellaris was 
usually more abundant in Essex County. 


The tables, especially Table V, indicate clearly that since DDT has been used, and more 
revently parathion in the Niagara area, there has been a general increase of the first yeneration 
of M. ancylivorus in Essex County and of both generations in the Niagara Peninsula, although 
yearly fluctuations were somewhat more marked in Essex County. 


Although many factors, notably weather conditions, may affect the abundance of the parasite 
ard its host, it is evident that DDT, in association with these other factors, whether favourable 
or otherwise, did not adversely affect the abundance of this species. It is possible that DDT and 
parathion each favoured the parasite in some indirect, unknown manner. 


Similarly, the population of M. delicatus has steadily increased in Essex County since DDT 
was introduced, and the increase was particularly evident in 1953, when parasitism of both 
generations reached levels far above those of the 26 years for which records are available. This 
species remained at a very low Jevel in the Niagara area. 


Tables I and III indicate that AH. obliteratus has been somewhat reduced in numbers in 
both areas since spraying with DDT and parathion became general practices. 


The only apparently clear case of a marked reduction of a parasite of the oriental fruit moth 
by DDT, and possibly parathion, is afforded by G. rufiscutellaris. ‘Vables II and IV show that, 
before these insecticides were used, this species was an important parasite of second-generation 
larvae, but that, except in 1948 in Essex County, it has been present in drastically reduced 
numbers since. In the Niagara Peninsula and Essex County it is still a common parasite of its 
native host Epiblema strenuana. 


SUMMARY 


The introduced parasite Macrocentrus ancylivorus Rohw. appears in some manner to have 
been favoured by DDT and parathion applied for the control of the oriental fruit moth in 
commercial peach orchards of Essex County and the Niagara Peninsula (Lincoln and Welland 
counties). 


4 


A native parasite, Glypta rufiscutellaris Cress., has rapidly decreased in abundance during the 
six years that DDT or parathion has been in general use in Ontario peach orchards. 


Most of the less effective species of native parasites appear to have been unaffected by the 
applications of these two chemicals; but M. delicatus in Essex County, where it has always been 
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more abundant than in the Niagara Peninsula, appears to have been aided by the insecticidal 
treatments, or favoured by some other environmental change. Populations of Horogenes obli- 
teratus (Cress.) appear to have been somewhat reduced by DDT and parathion. 


REFERENCES 
1. Boyce, H. R. Long term trends in parasitism of twig-infesting oriental fruit moth larvae. 
77th Ann. Rept. Ent. Soc. Ontario, 1946, pp. 21-34. 1947. 


2. Dusran, G. G., W. L. PUTMAN, and H. R. Boyce. Results of spraying for the control of the 
oriental fruit moth, Grapholitha molesta (Busck), in Ontario, 1916 1950. 8lst Ann. Rept. 
Ent. Soc. Ontario, 1950, pp. 50-72. 1951. 
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NOTES ON INTRODUCED PARASITES OF THE EUROPEAN PINE 
SHOOT MOTH, RHYACIONIA BUOLIANA (SCHIFF.) 
(LEPIDOPTERA: TORTRICIDAE), IN ONTARIO’ 


H. C. Copret? and A. P. ArtTHuR? 


Entomology Laboratory, Belleville, Ontario 


The European pine shoot moth, Rhyacionia buoliana (Schiff.), was first recorded in Canada 
in 1925, although it was present in the United States at Long Island, New York, in 1914. Both 
the moth and some of its natural enemies have been intercepted from time to time in nursery 
stock from Europe, by officers of the Plant Protection Division, Science Service, at ports of entry. 
The pest feeds on the native pines Pinus strobus L. and Pinus resinosa Ait. as well as on many 
introduced European species used as ornamentals and for plantations. 


Because of the increasing importance of the European pine shoot moth as a plantation pest 
in southern Ontario a program for the introduction of natural agents of control was initiated. 
With the co-operation of the Farnham House Laboratory, Farnham Royal, England, the first 
shipment of parasites was received in 1928. Since then, releases have been made sporadically 


TABLE I 
Species, numbers, years of releases, and origins of 
parasites released against R. buoliana in southern Ontario, 1928 to 1953 


IN OP Years 
Species realeased realeased. Origin 
Calliephialtes comstockii (Cress.) 286 932-2 Canada 
Campeplex mutabilis (Holmg.) 2132 1928-43 England 
Campoplex rufifemur (Thoms.) OF 315) England 
Copidosoniu geniculatum (Dalm.) 16,698 hOS4-06 Europe 
Cremastus interruptor (Grav.) 29,998 EZ O-A0, England, Canada 
Ephialtes ruficollis (Grav.) 7,032 1933-42 England 
Orgilus obscurator (Nees) 8,878 1928-49 England, Canada 
Pimpla spp. 688 1932-33 England, Canada 
Pimpla turionellae (L.) 22 1935-53 Europe 
Tetrastichus turionum (Htg.) 1,570 1938 Europe 


1Contribution No. 3219, Entomology Division, Science Service, Department of Agriculture, Ottawa, 
Canada. 


2Agricultural Research Officer. 
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until the present. These have been confined to areas of severe infestation mainly near Toronto, 
Hamilton, Niagara Falls, Kingsville, and Brighton. Ten species of parasites have been released, 
the majority of which originated in England (Table I). The others originated either from 
collections in continental Europe or from collections of the host made in Ontario. In the latter 
instance, redistribution of the exotic parasites that had become established and of two native 
parasites (Calliephialtes comstockii (Cress.) and Pimpla sp.) was undertaken. 


More than 7,000 larvae and pupae of R. buoliana were collected in 1953 and reared singly 
in vials at Belleville. The results of the rearings, including the native parasites, are shown in 
Table II. Although eight native species and only three introduced species were recorded, the 
“introduced species were the most abundant. Total parasitism ranged from 1.96 to 10.86%; the 
introduced parasites contributed two-thirds or more of the total in all areas. Orgilus obscurator 

~ (Nees) was the most abundant and widespread of the introduced species; Cremastus interruptor 
Grav. was second in importance. The occurrence of Tetrastichus turionum (Htg.) in the Kings- 
ville area is the first record of the establishment of this species in Canada; it was also more 
abundant at the time of collection than any native parasite obtained in the area. 


Records at the Belleville laboratory on recoveries of other introduced species are as follows: 
one female of Campoplex mutabilis (Holmg.) was obtained at Niagara Falls in 1943, one female 
of Pimpla turionellae (L.) from Roseland in 1937, and other recoveries from St. Catharines, 
Hamilton, Niagara Falls, and Toronto in 1941 and Hamilton in 1943. The other species, Copido- 
soma geniculatum Dalm., Campoplex rufifemur (Thoms.), and Ephialies ruficollis (Grav.), have 
not been recovered from R. buoliana to date. 


The introduced species released and recovered by the staff of the Belleville laboratory, and 
the localities, are shown in Fig. 1. Not all the localities for C. interruptor and O. obscurator are 
shown since these species are widespread, having been transported in infested nursery stock. 


It is now impossible to ascertain the particular species of Pimpla other than turionellae that 
were reared from imported material and from local collections and later released. 


NAIR Sasa! 


INTRODUCTION INTO CANADA OF PARASITES OF THE CARROT 
RUST_FLY, PSILA ROSAE (E.) (DIPTERA PSI DI DAs 


G. E. MAYBEE? 


Entomology Laboratory, Belleville, Ontario 


The carrot rust fly, Psila rosae (F.), was described by Fabricius in 1794. By 1889 it was re- 
corded over most of western Europe. The first record of its presence in North America was 
made at Ottawa, Ontario (Fletcher, 1885, p. 15). It was first observed in British Columbia in 
1934 (Glendenning, 1938) and was soon found over the whole of the lower Fraser Valley (Glen- 
deining, 1942) and in the interior (Handford and Neilson, 1951). ‘Severe losses have occurred 
in British Columbia, Ontario, and elsewhere in areas where carrots are grown commercially. 
By 1916 it was present in such numbers in the Holland Marsh area of Ontario that there was an 


estimated loss of £0,000 to 100,000 bushels of carrots (Goble, 1947). 


The following parasites of the carrot rust fly have been recorded in England by Wright, 
Geering, and Ashby (1947): Dacnusa gracilis (Nees) (Hymenoptera: Braconidae), Loxotropa 
tritoma (Thoms.) (Hymenoptera: Proctotrupoidea), Aleochara sparsa Heer (Coleoptera: Staphyl- 


1Contribution No. 3194, Entomology Division, Science Service, Department of Agriculture, Ottawa, 
Canada. 


2Technical Officer. 
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inidae), and Klcidotoma spp. (Hymenoptera: Cynipidae). Nixon (1937) reported D. postica 
Hal., later synonymized with D. gracilis (Nixon, 1944), as having been reared from P. rosae in 
Switzerland. Savzdarg (1927) stated that in the Leningrad area of Russia 20 per cent of the 
P. rosae puparia were parasitized by Dacnusa spp. in 192+ and 35 per cent in 1925. Of the parasite 
species listed in England by Wright et al. (1947), D. gracilis and L. tritoma are the only ones 
of importance in the biological control of this host; both are widespread in the carrot-growing 
areas of East Anglia, D. gracilis being the more numerous. 


No records of parasite attack on the fly in America were found, but some of the parasites 
might have been introduced and established at the same time as the host. Therefore during 
1948 and 1949 first-and second-generation larvae, first-generation puparia, and hibernating 
pparia of the overwintering generation of the fly were collected in the Holland Marsh and 
incubated in the laboratory. No parasites were obtained. Since the fly is known to be an intro- 
duced species, its control by biological means appeared possible. ‘Phe studies reported in this 
paper were initiated in 1948 at Belleville. 


INTRODUCTION AND RELEASE OF PARASITES 


By arrangement with the Commonwealth Institute of Biological Control and later directly 
with agricultural research workers in England, puparia of the fly were collected and shipped 
to Canada. After arrival at Belleville, sample lots were reared to determine the incubation 
period required for adult emergence. The rersaining puparia were stored at 3.3°C. in a mixture 


_of soil and shredded sphagnum moss in ventilated metal containers. The soil was kept slightly 


moist throughout storage. 


24 
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INCUBATION PERIOD, DAYS 


Fig. 1. Emergence of Psila rosae (F-) and its parasites, Dacnusa gracilis (Nees) and [oxotropa 
tritoma (Thoms.), from soil at 25 per cent saturation in the laboratory at 21.1° air 
temperature and 40 per cent relative humidity (some points not plotted where the curves 
for D. gracilis and L. tritoma overlap). 
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_To rear the parasites for release, the puparia were incubated at 21.1°C. in the soil in which 
they were stored. The soil was placed in 8-inch earthenware saucers in rearing cages, the sides 
and tops of which were of fine-mesh bolting cloth. The soil was moistened and stirred daily 
to maintain a uniform 25 per cent saturation as found by Whitcomb (1938) to be the most 
favourable for emergence. Adults emerged over a period of 85 days (Fig. 1). D. gracilis adults 
were easily gathered from the sides of the rearing cages. L. tritoma adults are negatively photo- 
trophic and, though many were collected off the sides of the cages, many more remained in the 
soil where they emerged. Here they parasitized host puparia that had not previously been _ 
attacked. Normally L. tritoma remains in diapause over winter, but when it attacks host puparia 
in which the diapause is satisfied development continues in the laboratory without diapause. 


Parasites were released in British Columbia at Armstrong and Cloverdale, in Ontario at Brad- 
ford, and in Prince Edward Island at Charlottetown and St. Eleanor’s, D. gracilis when the host 
was in the first and second instars and L. tritoma when host puparia were present (Table I). 
Dates for releases were supplied by agricultural research workers in the field. They were shipped 
to release points in iced containers by railway express. D. gracilis adults were packed in copper 
shipping cans, but because L. tritoma adults could escape through very small crevices they were 
put in pint milk bottles; there was less mortality in storage before and during shipment if 
a short length of slightly moistened dental cotton was suspended from the cap of the bottle. 
L. tritoma required several hours to leave the bottles at the release point, whereas D. gracilis 
issued from the cans immediately. The parasites were liberated in the afternoon when the 
alt temperature was between 65 and 72°F., in carrot fields moderately to severely infested. All 
of D. gracilis released were reared from imported collections but those of L. tritoma included 
laboratory-propagated stock. 


TABLE 1 


Numbers of parasites released against Psila rosae (F.) in Canada, 1949-1953. 


Dacnusa gracilis (Nees) Loxotropa tritoma (Thoms.) 
] 


1949 1950 1951 1952 19°53 1949 1950 1951 1952 1953 


British Columbia 
Armstrong 1475 3111 7400. 12;256 
Cloverdale LIG3re 2 9984 9386 


~I 
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Ontario 
Bradford 1897 495- 4826 291 30,814 4980 


Prince Edward Island 
Charlottetown 1012 
St. Eleanor’s 16,362 


FIELD STUDIES AND RECOVERIES 


Field studies on the parasites were conducted in 1951 at the Holland Marsh. Four cotton 
cages, 3 by 4 by 6 ft., were placed over carrots in an area severely infested with the fly. D. gracilis 
adults were released in two of the cages; in one the host larvae were in the first and second instars 
and in the other in the third instar. L. tritoma adults were released in the other cages when 
the host was in the pupal stage because it had been found in the laboratory that L. tritoma 
parasitizes the puparia, rather than the last-stage larva as reported by Wright et all. (1947). 
Carrots were collected at weekly intervals from the D. gracilis plots and all host larvae found 
were dissected. Host puparia were later collected from all the cages and incubated in the labor- 
atory for adult emergence. 
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One D. gracilis larva was dissected from an early-third-instar host obtained from cage 1, in 
which the host was in the first and second stages when the parasites were released. Puparia 
collected from this cage produced five parasites (Table IJ). No parasites were recovered from 
cage 2, in which the P. rosae larvae were in the third instar when the parasites were released. 
Host puparia collected from cages 3 and 4, into which L. tritoma had been introduced, yielded 
231 parasites. 


TABLE II 


Numbers of parasites reared in field cage trials at Bradford, Ont. 


Cage Parasite No. Stage of Host adulls Parasites 
No. species released host puparia reared emerged 


collected 


1D. gracilis 247 a @ ist anc 306 rapa 5 
231 O© 2nd instar 

2. Dz gracilis Drs Kok 3rd instar 623 432 0 

226.9 9 

3. L. tritoma LOS a pupa 430 112 148 
1343: @..0 

fe Le. AeIeOma Tas Ak pupa Doe 102 83 
10009 9 


‘To determine the survival of L. tritoma under Canadian winter conditions, puparia of the 
tly, after exposure to the parasites in the laboratory, were buried in soil to a depth of four 
inches in a copper screen cage at the Holland Marsh. In the spring, they were removed and 
reared in the laboratory. From 140 host puparia incubated, 70 of L. tritoma emerged. Because 
‘of lack of specimens, tests were not conducted on D. gracilis. 


Parasite recovery studies were conducted at the Holland Marsh, Bradford, Ont., from 1950 
to 1953. Larvae and puparia of the fly were collected from the general area in which parasites 
had been released. Larvae were obtained by gathering infested carrots, burying them in moist 
sand, and allowing the larvae to pupate. Puparia were collected by washing soil, obtained from 
around injured carrots, through three screens on top of one another, with water under pressure. 
The top two screens were 4-mesh, the third 21-mesh. The finer particles of the soil formed 
a layer of silt over the fine screen. This caused the water to rise above the bottom of the second 
screen, and when it was allowed to subside the puparia were picked off the surface of the thin 
residual layer of debris. 


After two months’ storage in moist soil at 3.3°C., most of the puparia from the collections 
were reared individually in 2-inch shell vials in a humidity cabinet at 21.1°C. and 80-—85 per cent 
relative humidity. The vials were stoppered with 5-mm. lengths of rubber tubing ensheathed 
in 20-mm. squares of fine-mesh bolting cloth (Cothoun, 1953). Nine collections were reared 
individually and three in bulk in moist soil. Collections made in 1951 produced three of 
D. gracilis and 38 of L. tritoma but those in 1952 and 1953 yielded none. 


SUMMARY 


Dacnusa gracilis (Nees) and Loxotropa tritoma (Thoms.) were released against the carrot 
rust fly, Psila rosae (F.), in British Columbia, Ontario, and Prince Edward Island. The early 
stages of the host larvae are attacked by D. gracilis. L. tritoma adults attack the host puparia 
rather than the last-stage larva. In field tests L. tritoma survived winter in the Bradford, Ont., 
area. Whether D. gracilis can survive the winter there was not determined because of lack of 
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specimens. Efforts to rear the latter in the laboratory have so far been unsuccessful. Adults of 
both species were recovered in 1951 at Bradford, Ont., the year they were released, but no re- 
coveries have been obtained since. 
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RAPID. INSECTICIDE TESTS WITH APHIDS 
A. J. MusGRAVE AND J. KuKOvICA 


Department of Entomology and Zoology 
Ontario Agricultural College 


I: INTRODUCTION m 


The aim of modern Insect ‘Toxicology could, perhaps, be defined as the development of 
better, more persistent and more specific poisons, which, if possible, will kill only the insects 
we want killed and at the same time wiil inhibit the development of resistant strains. 


The search for new insecticides must be carried out empirically for despite a considerable 
knowledge (vide Brown, Hoskins, Metcalf, Musgrave) there seems to be no precise information 
available on the mode of action of insecticides. In order, therefore, to test the validity of each 
new theory it is necessary to resort to the practical testing of many compounds. A, rapid, re- 
lable and accurate screening method is therefore desirable; moreover, it may be necessary to 
test compounds by more than one method. 


Such work should proceed concurrently with physiological work on the more fundamental 
aspects of the subject. 


The technique for rapid testing described in this paper employs a well-known spray apparatus 
in conjunction with an apparatus for the rapid breeding of aphids. 
The paper details the best procedure we had devised by the end of 1953. 


Wt: EQUIPMENT 


i) Spray tower 

Insects are treated by direct spray in a Potter tower (Potter, 1952). This is a piece of custom- 
built apparatus designed to deliver controlled equitable doses of insecticide over a standard area. 
It pioduces a very even deposit of insecticide and permits of very rapid work, even with a single 
operator. The tower is shown in diagram form in Fig. 2. It consists essentially of a tapered 
cyiinder open at both ends and supported vertically with an angle-iron framework. At the 
top of the cylinder a precision-made adjustable nozzle is mounted centrally and supported by 
three steel rods which may be centred and levelled by the adjustment of the appropriate knurled 
nuts. A circular metal plate is mounted at the base of the cylinder and forms the spray plat- 
form; its height is adjustable. For spraying it is normally brought rapidly to within 4%” of the 
tover base by a counterpoised lever. ‘The whole framework of the tower is mounted on levelling 
screws and provision is made for grounding the apparatus. This is important as the spray drop- 
lets issuing from the nozzle are electrically charged. Full details of construction are given in 
Potter’s paper. 


The tower is supplied with compressed air from a regulated air compressor supplying air at 
45 to 75 lbs. per square inch. This air is led through a series of valves and meters to the tower 
(Fig. 1). Our flow meter is of the kind used on oxygen cylinders and consists of a steel ball in 
a glass tube. The cushioning reservo‘r helps to ensure an even air flow. The dose* of insecticide 
delivered by the tower may be varied by varying the volume of insecticide fed to the tower, the 
concentration of toxicant per unit volume, the air pressure and the air flow, the nozzle adjust- 
ment and the gap between the tower base and the spray plate. 


The mean weight of liquid deposited on the base plate during most of the work described 
here with benzene emulsion was 4.50 mgm., (Standard Deviation = + 0.678) on an area of 380 
square millimeters or 0.012 nigm. per square millimeter. 


*Following Finney (1945) we reserve the use of ‘dosage’ to mean any function of the ‘dose’, 
such as log, dose, reciprocal of dose} etc. 
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ii) Reliability of spray tower performance 

A check is kept on the constancy of spray tower performance by weighing the deposit of 
spray given by the different volumes of insecticide. During our routine investigations weighing 
checks are made every Friday. The method is as follows: 


Small glass coverslips (for microscopic use) are weighed in weighing bottles with stoppers — 
one coverslip in each bottle. The slips are sprayed by placing them one at each of the front, 
back, and right and left sides of the base plate of the tower. After being sprayed under standard 


_—_————————__ b 
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Fig. 1. Fig.225 


Fig. 1. Arrangements of valves to supply air to the tower. (Diagramatic) a, compressor; b, aifline; 
d, air filter and reducing valve; e, pressure meter; f, air reservoir for cuhioning pressure changes; 
g, needle valve; h, manometer (not always used); i, flow meter. 


Fig. 2. Potter Tower (Diagrammatic). a, feed tube; b, nozzle; c, reservoir for spray liquid; d, metal 
frame; e, tapered cylinder; f, basal plate; gs, counterpoised lever; h, grounding wire. The tower 
is 54 inches high. 


conditions they are quickly removed from the plate, placed in bottles and reweighed. Variations 
in weight are rarely more than 0.1 mgm. per coverslip of size 380 sq. mm. — and this is deemed 
satisfactory. “The balance used for this work is a swing-damped, semi-automatic type. 


lil) Aphid rearing apparatus 

Currently, we are rearing two species of aphid: Aphis fabae (Scop.), the bean aphid. a black 
species; and Macrosiphum pist (Kaltenbach), the pea aphid, a green species: We use a slight 
modification of an apparatus designed by Kennedy and Booth (1950) for the mass rearing of 
the aphids. We rear the two specics of aphids simultaneously. The apparatus is capable of 
yielding 1000 aphids per day. Normally it is possible to obtain several hundred of each species 
that are suitable for spraying. 


Essentially, the apparatus consists of a number of cages which can be moved along the top 
of a trough which forms a stand and also acts as a duct through which air may be blown. 
The duct is U-shaped and the cages are supported over its open top. The cages are 12” x 13” x 16” 
in dimension. Each cage has its top and two sides of glass; the other two sides are covered with 
fine mesh gauze. In the original apparatus of Kennedy & Booth, this part of each cage was made 
so that it could be readily dismantled for cleaning and sterilization. We have so far success- 
fully used cages in which this part was of permanent construction. The bottom of each cage is 
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open and carries a rubber gasket and fits neatly on to its base plate. Each base plate forms 
a floor for its cage and part of the roof of the duct. ‘The base plates have each one hole 6” in 
diameter and six smaller holes. ‘The large hole takes a 6” paper piant pot with a snug fit and 
the six small holes are screened and serve to admit air from the duct below. The paper plant 
pots contain potting soil and serve to grow broad beans upon which both species of aphids feed. 
The gauze-covered inlets in the base plates are shielded from cast skins and honey dew by flat 
metal rings that rest on the tops of the plant pots. “The gauze protects the aphids from parasites 
and the airstream from the duct retards mould growth, 


The duct is ‘V-shaped-and air is drawn in by a fan in the leg of the T. By appropriate 
arrangement of flaps and twisters, air can be drawn into the duct from either outside or inside 
the building. Each position on the duct is numbered and cages start at position 1 with young 
beans and a starting population of aphids and they are removed at position 11 (or 10 and 11) 
with a greatly increased population. In our work we run alternating cages of Aphis fabae and 
Macrosiphum pisi. Bean growth is encouraged during the winter months by light from two 
fluorescent tubes hung over the cages. 


ca 


Il: BIOLOGICAL MATERIAL 


Establishment and maintenance of Insect Cultures 


Efforts to establish the black aphid, occurring in great numbers on the local burdock, failed. 
There was no apparent reason for this. ‘The aphids would settle on our bean plants for a short 
time and then die or move off the plant. Eventually black aphids from Lambs’ Quarters 
(Chenopodium album) established themselves on our beans and produced generations that were 
reared through the winter in the summer stage—they were all parthenogenetic, viviparous 
females, alate or apterous. These became our stock of Aphis fabae. As we found that a large 
green species (subsequently identified as Macrosiphum pisi) could easily be established on our 
laboratory beans we decided to include it in our rearing programme, end thus have two species 
for test. This method of breeding the two species in alternate cages in the same apparatus has 
proved very successful. These aphids, both known to exist as several different strains, (see Har- 

' rington; Jacob; and Jones;) established themselves most readiiy on the very young bean sprouts. 


We have been able to maintain colonies by collecting aphids from the cage at position No. 11 
and placing them on young sprouting beans at position No. I. 


¥ We have kept a vigilant check on the health of our aphids and since we first set up our 
rearing programme it has been necessary once only to restock our Aphis fabae, which had become 
diseased. Our M. pisi are all offspring of the original stock. 


TY: CHEMICAL MATERIAL 


This paper describes tests on a wide variety of compounds, mostly chlorinated hydrocarbons. 
No organo-phosphorus compounds were tested. Most of the compounds were synthesised and 
supplied by Drs. M. Kulka and F. Stryk of the Dominion Rubber Company. For further in- 
formation, reference should be made to Kulka (1954). A few other compounds were made by 
Dr. W. H. Brown of the Chemistry Department, Ontario Agricultural College. 


V: METHODS 


~ 1) Handling and Collecting of Aphids 
In most of our work it is very desirable to have aphids, an estimate of whose age can be 
_ made; and to ensure that the aphids are damaged as little as possible in handling. 


Three methods can be adopted to obtain aphids of uniform age: 
- a) 100 alate females are used to start a new culture. We then know that all apterous adult 
females that subsequently appear are of reasonably uniform age. 


a 
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b) If we start cultures from nymphs of about the same age we can obtain the required adults. 
c) Cultures can be started from mixed adults which can be removed three days later. The pro- 
geny, which fornr the culture, will be of uniform age. 

We use two methods for collecting the aphids: 
a) Macrosiphum pisi has the habit of dropping from the plant when even slightly disturbed. 
We make use of this by placing a receptacle beneath the plant to catch the aphids. 
b) We find that it is necessary to collect Aphis fabae with a camel’s hair brush. Usually they 
are collected as adults just beginning to wander. 


Twenty aphids are used im each population sample. They are collected 1 — 2 hours before 
spraying and kept in stoppered conic2l flasks until the operator is ready to spray them. 


i) Spraying 

The air is supplied to the tower and the needle valve opened so that air is passing through 
the tower. The prepared solutions are handy and at the appropriate time they are supplied to 
the tower reservoir by an automatic pipetting unit adjusted to deliver the required volume of 
spray. We find this automatic pipetting unit, which is a modified hypodermic syringe, very 
useful in enabling us to handle quickly amd efficiently, measured volumes of liquid. 


Aphids are tipped from each conical flask on to a Whatman No. 3 filter paper 11 cms. in 
diameter. This filter paper is then quickly placed on the basal plate cf the spray tower which 
is immediately raised to the predetermined position. The required volume of spray is then 
quickly supplied to the reservoir and sprayed on to the aphids. As soon as all the liquid in any 
one dose has been sprayed the basal plate is lowered and the filter paper with the aphids re- 
moved. These aphids are then tapped from the filter paper into an inverted glass lantern globe. 


Between sprayings the tower is washed by filling the reservoir with some appropriate liquid 
and spraying this through the apparatus. Most of our work to the end of 1953 has been with 
benzene emulsions: cleaning the tower by washing through twice with water, once with alcohol 
and then again twice with water. At the end of each experiment the tower is given a more 
thorough clean and is wiped dry. | 


ili) Assignment of aphids after spraying 

As previously noted, sprayed aphids are tapped from the filter paper, on which they have 
been sprayed, into inverted lantern globes. The inverted tops of these globes are supplied with 
cheese-cloth held in place by elastic bands. The globes containing aphids are carried to the post- 
treatment room where each one is placed right way up over a bean plant, growing in potting 
soil in a small plant pot. Each pot is contained in a glass ointment jar. Aphids that fall from 
the globe or the bean plant are prevented from being lost in the soil of the pot by a filter paper 
placed over the rim of the ointment jar and slotted to fit around the bean stalk (Fig. 3). We use 
potted bean plants because our experience is that aphids placed on cut bean stalks in water as 
recommended by Tattersfield and Morris (1923) fail to establish themselves satisfactorily and 
consequently die.* 


iv) Mortality Counts 
We make a rough count 24 hours, and an accurate count 48 hours, after spraying. We use 
the following criteria of “death”: 


Macrosiphum pisi 

Dead: those lying motionless in an abnormal manner; sometimes with legs extended irregularly 
and dry and brittle; body shrivelled and often discoloured. No response, by movement, 
to touch. 

Moribund: locomotion slow and poorly co-ordinated; unable to climb up the plant; or unable 
to right themselves when lying on their backs, although legs may be moving. 


* The iansoe of this may, perhaps, lie in the biochemical changes in the cut leaf (Chibnall, 
New Fhytol., 53:31) and aphid nutritional requirements (Symposium, Tijdschr. Ent., 95: 59). 


. 


SOCIETY OF ONTARIO 67 


IFAM AAAS TIAL TA 
ent | aa» papsis as oe * ne, os» 


Fig. 3. A Post-treatment cage. a, muslin cover; b, glass lantern-globe; c, bean plant; d, filter 
paper; e, plant-pot; f, ointment jar; g, water; h, pot support. The globe is 7 inches high. 


Aphis falbae 

Dead: lying motionless and in an abnormal manner, with legs and antennae in disorder. Body 
dry and shrivelled. No response, by movement, to touch. 

Moribund: As for M. pisi. 
Observation showed that aphids showing these sings of toxaemia never recovered: all such 
aphids were therefore classed as “dead”. 


v) Controls and checks 


In our standardised procedure we usually screen four new compounds in each test. We first 
iry them at 1% strength, usually in benzene emulsion (5% benzene), or more recently in a 
mixture of acetone and water). In each test we run three controls: a population check, a BHC 
check and a carrier check. The population check is designed to expose any inherent weakness 
in the biological material. In other words to give us an assessment of natural mortality in the 
samples under test. The insects in the population check are, or course, not sprayed at all. 
The BHC check is incorporated to provide a guide to the susceptibility of eacn sample of aphids 
to a well known standard insecticide. Our standard BHC check is made from a “Higam 99” 
BHC, which contains 99% gamma insomer. It is incorporated in the standard benzene emulsion 
(containing 5% benzene) so as to give an emulsion containing 0.05% benzene hexachloride. On 
some occasions, because of its greater susceptibility, M. pisi was sprayed with 0.025% BHC. 
Jn the carrier check we spray a sample of the population under test with the solvent used for 
‘insecticides tested that day. 


We adopt the following order of spraying: 
1) We spray the compounds under test. 
li) The tower is cleaned between the spraying of each compound. 
iii) We spray the carrier. 
iv) We spray the BHC. 


“ 


68 REPORT OF THE ENTOMOLOGICAL 


In this way we hope to keep a check on our method of cleaning the tower. Unsatisfactory 
cleaning would be revealed most likely by a high mortality in the carrier check. 


The insects for the population check are kept in the conical flasks and then transferred into 
an after-treatment cage, at the end of the experiment. They are not sprayed in any way. 


Wile FE SC Eas 


The experiments are regarded as screening tests and are designed te detecc and pick out 
compounds that are likely to compare favourably with existing compounds. Our work shows 
that using our present methods any good compound realiy does stand out. Moreover, disiinct 


differences in the response of the two species of aphids to the various poisons, can sometimes 
be detected. 


It is usually possible to kill insects in the laboratory with compounds that are not or are only 
slightly toxic simply by drowning them in the compound. We try to apply a dose of each in- 
secticide equivalent to that amount of BHC that nearly or only just causes 100% mortality. If 
the insecticide under test is as good as or better than this in performance, it can be regarded as 
a promising compound. 


The compounds tested are listed below in three groups; alli were administered as 1% solutions 
active compound in benzene emulsion (5% benzene). 


Group A Those found non-toxic, in which the mortality with both species of aphids was less 
than 40%, or not obviously different from check mortality in the few tests where this was greater 
than 15% for the population check. 


Group B Those classed as slightly toxic. giving a mortality or 40—v0°% with either species of 
aphid, the population check being under 15%. 


Group C  Higly toxic or promising compounds, giving mortalities of 60%—100% mortality to 
either species of aphids when population check mortality is beiow 15%. Compounds in this 
eroup (except rotenone) were tested three times each. 


Aphis fabae is more resistant te BHC than Macrosiphum pisi. In opposition to this. the 
compounds 3-nitro-4-methoxy benzyl -chloroethyl ether and _ p-Xylylene bis (8-chloroethyl 


ether) are highly toxic to A. fabae but almost non-toxic to M. pisi, at the 1% level. Thus to ~ 


spray a mixture cf BHC and p-Xylylene bis (g-chloroethyl ether) seemed an obvious step. 


Group A 


N,N’- Vetramethyl-chlorebenzene-2,4-disuifonamide 
Chilorobenzene-2,4-disulfonamide 
N,N’-Di-2-pyridyl-chlorobenzene-2,4-disulfonamide (K_ salt) 
N,2-Pyridyl p-chlorobenzene sulfonamide (K sait in aquaeous sol.) 


Hydroxymethyl p-chlorophenyl-sulfone 
»,p’-Dichlorobenzhydryl-p-chiorophenyl sulfone 
p-Chlorophenyl-3,4-dimethoxyphenyl sulfone 
p-Chlorophenyl p-methoxyphenyl sulfone 
Chlorobenzene -2,4- bis- (hydroxymethylsulfone) 


Ailyl p-chlorobenzene sulfonate 

p-Chloroethyii phenoxybenzene-4,4’-disulfonate 
2-Methyl-2-nitropropyl-p-chlorobenzene sulfonate 
2-Chloro-2-nitropropyl-p-chlorobenzene sulfonate 
2-Chloro-2-nitropropyl-1,3-dichlorobenzene sulfonate 
g-Chlorocthyl chlorobenzene-2,4-disulfonate 

Methyl nitrochlorobenzene disu:fonate 


1 ,2,3-Trichloropropane 
1- (3-Methoxy-4-hydroxyphenyl)-2-nitro-1-propene 
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1,4-Bis- (cyanomethyl) benzene 
1,2,4-Trichloromethyl benzene 
a-Methoxy-g-nitro-p-chloro (ethyl benzene) 
1-TPert.-butyl-4-tert.-butoxy benzene 


2-Nitro-2-methyl-1-propandiol 
2-Nitro-2-methyl-]1-propanol 
1,1-Dichloro-3-nitro-2-5ropanol 
1-Chloro-3-nitro-2-propanol 
1-Chloro-1-nitro-2-propanol 

1- (2,4-Dichlorophenoxy) propanol 


2,2,4-Trimethyl-!,2-dihydroquinoline 
1-Nitroso-2,2,4-trimethy!quinoiine 

1 ,2,3,4-Tetrahydroquinoline 

Chlorinated 1-Acetyl-1,2-dihydro-2,2,4-trimethylquinoline 


p.p -Dichlorebenzhydryl propyl ether 

p.p -Dichlorobenzhydryl cyclohexyl ether 

0,p -Dichlorobenzhydry! B-chloroethyl ether 
Benzyl 8-chloroethyl ether 
p-Chlorobenzyl-g-chloroethyl ether 
3,4-Dichlorobenzyl 8-chloroethyl ether 

Trichloro tert.-butyl p,p’-dichlorobenzhydryl ether 
p.p -Dichlorobenzhydry! tetrainydrofurfuryl cther 
Laury! p-chiorobenzyl ether 

o-Xylylene bis-chloroethyl ether 

p-Xylylene bis-butoxy ether 

2-Chloro 2-nitropropyl-p-chlorobenzyl ether 


Diphenylamine 
N-Acetyldiphenylamine 
N-Formyldiphenylamine 

— 2A47,4,4-Tetrachlorodiphenylamine 


p-Chloroethyl benzyl chloride 
p-Nitrobenzyl chloride 

1- (2,4-Dichlorophenoxy) propylchloride 
2,4,5,-Trichlorobenzyl chloride 
p-chlorophenoxyethyl chloride 
p-Methoxy-phenoxy-ethyl chloride 
p-Xylylene dichloride 
2,5-Dichloroxylylene dichloride 


2-Phenoxyetinanol 
2,4-Dichlorophenoxy-2-ethanol 
p- Vert.-butyl phenoxy-2-ethanol 
2-p-Methoxy phenoxyethanol 


2,4-Dichloro-6-phenylphenol 
o-lsopropylphenol 


Veratryl cyanohydrin benzoate 
Acrolein cyanohydrin benzoate 


1,1,1-Trichloro-2-nitro-3-hydroxy-propane 
3,3 -Bis- (p-chlorophenyl) 2-methyl pseudourea 
10-Chloroacetyl phenothiazine 
Diphenylcyanamide 

Diphenyl carbonate 

Acrylamide 

Sequestrene A A 

Ethyl cyanoacetate 

Paraldehyde 

Trioxane 

Dichlorodiphenyl-cyanamide 

Bis- (2-methoxy-5-tert.-butylphenyl) methane 
B-Chloroethyl terephthalate 
3-Methoxy-4-hydroxyphenyl acetone 

_ 4-Tert.-butyl-2-nitroanisole 
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Group B 

1,1-Dichloro-3-nitro-2-propanol 
2-Chloro-2-nitro-1-propanol 
1,1-Dichioro-3-nitro-2-butanol 
1,1,1,-Trichloro-2-acetoxy-3-nitro propane 
Laury!-p-chlorobenzene sulfonate 
p-Chloroaniline 

4 4+’-Dichlorodiphenylamine 

Di- (g-chloroethyl) chloroacetal 

Chloroethyl benzene 

p.p -Dichlorobenzhydryl g-chloroethy] ether 
Bischloromethyl chlorobenzene-2,4,-disulfone 
2-Chloro-2-nitropropyl benzyl ether 


Group C 


Benzene hexachloride (Higam 99) 

Rotenone 

 p.p’-Dichlorobenzhydryl B-chloroethyl ether 

3-Nitro-4-methoxybenzyl 6-chloroethyl ether 

p-Xylylene bis (8-chloroethyl ether) 

l:lmixture of p-Xylylene bis (8-chloroethyl ether) and Benzene hexachloride (Higam 99) 


VII: GENERAL CONCLUSION AND REMARKS 


The apparatus and arrangements described form an effective and rapid method for the 
screening of compounds as contact insecticides for aphids. Any compound that is toxic stands 
out clearly. 
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PRELIMINARY OBSERVATIONS ON THE USE OF THE THERMAL. 
CONDUCTIVITY METHOD FOR THE MEASUREMENT OF METHYL 
BROMIDE CONCENTRATIONS IN SHIP FUMIGATION' 


H. A. U. Monro’, C. T. BUCKLAND? and J. E. -Kinc? 


INTRODUCTION 


Methyl bromide proved to be an effective fumigant for dealing with insect populations in 
the empty cargo spaces of ships (Monro, 1951). Subsequentiy, Monro, Cunningham and King 
(1952) studied the history of a number of ships following fumigation and demonstrated that, 
under a wide range of conditions, this fumigant could eradicate such populations. They also 
used test insects in all parts of the holds of some vessels to study the distribution of insecticidally 
effective gas concentrations. However, owing to the lack of a method for a continuous record, 
convenient under conditions of ship fumigation, no study of concentration and distribution was 
made by means of chemical analysis. Furthermore there was no exact knowledge of the rate of 
loss of fumigant during aeration of the holds, under different climatic conditions, following 
removal of the hatch covers. 


The recent development by Phillips and Bulger (1952) of an apparatus employing the method 
of thermal conductivity, designed for continuous record of methyl bromide concentrations in air 
under field conditions, has enabled a start to be made on such a study. 


BASIC PRINCIPLE OF METHOD 


When an electric current is passed through a wire the final equilibrium temperature of the 
wire is affected by the thermal conductivity of the gas surrounding it. If the composition of the 
gas is Changed, its thermal conductivity will be affected and thus the equilibrium temperature 
of the wire will alter. This in turn will alter the resistance of the wire. 


In a thermal conductivity apparatus for gas analysis the above phenomenon is used to modify 
a Wheatstone bridge circuit, whose two opposing arms are made up from single filaments, or 
groups of filaments, each in a metal or glass cell. When an electric current is passed through 
the filaments the whole bridge is balanced if the composition of the gases surrounding all the 
filaments is the same throughout. If the cells surrounding the filaments comprising one arm 
are then filled with a different gas mixture the bridge becomes unbalanced, and the extent of 
this can be measured by a galvanometer. By calibration with known concentrations of a given 
gas the galvanometer readings can be transposed into the units of concentration desired, such 
as ounces of fumigant per 1000 cubic feet. 


DESCRIPTION OF APPARATUS 


A commercial model of the instrument developed by Phillips and Bulger for methyl bromide, 
employs four tungsten filaments in as many cells, a pair thus providing each arm of the bridge. 
The cells are bored in a brass block. ‘Two cells contain the standard gas, which is air, and the 
other two are incorporated in the sampling train of the gas—air mixture undergoing analysis. 


The commercial instrument incorporates the following essential parts:— 
1. The thermal conductivity unit, as described above, Model 308 marketed by Gow-Mac 
Instrument Company. 
2. Galvanometer (0.0 to 5.0 millivolts) with 3.2 inch scale divided into 100 divisions. 
Gas passage for entraining samples through the cells, with inlet and outlet connections. 
4. Rheostat for current control across the filaments. 


iS) 


1Contribution No. 27, Science Service Laboratory, Department of Agriculture London, Ontario, 
and No. 105, Plant Protection Division, Science Service, Department of Agriculture, Ottawa, Canada. 

2Science Service Laboratory, Department of Agriculture, London, Ontario. 

3Plant Protection Division, Science Service, Department of Agriculture, Montreal, P.Q. 
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5. Connections for direct current of 6 volts obtained from batteries or from transformer 
in “helper” (see below). 


For facilitating operation an additional assembly, referred to as a “helper”, includes the fol- 
lowing accessories:— 
6 
8 


Dryer cell for removing moisture from incoming gas-air sample. 


¥ 


7. Smail pump. 

Flowmeter, reading 0 to 2 cubic feet per hour. 

9. Constant voltage stabiliser, with step-down transformer action. 
0. Rectifier for converting alternating current to direct current. 
1. Milliameter for recording current. 


S/S KIM HOLD No2 
AUGUST 19/20, 1953. 


Pe EN Ne ROM IDE | GAS SAMPLING TUBES) 

ee eto _————— vy 
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CSP 


UPPER TWEEN DECK 
42,325 cu. ft. 


THERMAL CONDUCTIVITY 
GAS ANALYSER 


ONO) 
LOWER TWEEN DECK 
35,625 cu. ft. 
© 
©) SAMPLING 
A POINTS 
(3) SEE KEY 
a) 


FIGURE 3 
LOWER HOLD 


= 50,075 cu.ft. 


ep a 


TANK TOP CEILING 


Figure 2. Diagram of gas sampling points during ship fumigation. 


ASSEMBLY OF APPARATUS FOR SHIP FUMIGATION 


For the ship fumigation study the two assemblies, gas analyser and “helper”, were mounted 
in a panel truck together with a recording potentiometer as. illustrated in Figure 1. The re- 
cording instrument was connected to special leads on the analyser, and the entire apparatus was 
connected to 110 volt A.C. current available on the wharf. 


Four sampling tubes of pliable polyethylene tubing led from four sampling points in the 
hold, as shown diagramatically in Figure 2. When a sample was required from a given point 
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the tube from that point was fitted over the gas inlet below the dryer cell. The remaining tubes 
were corked until they in turn were connected. After sampling was completed from a given 
point the instrument was purged with fresh air before connection was made with the next 
sampling tube. 


DETAILS OF FUMIGATION 


The fumigation subjected to the analysis was conducted on August 19 to 20th in the harbour 
of Montreal on board S. S$. Kim, a Norwegian vessel of 5215 tons gross registered. Hold No. 2 
was selected for the analysis, and in this part of the ship there was a population of Plodia inter- 
punctella (Hbn.), Alphitobius diaperinus (Panz.) and Carpophilus dimidiatus F. . 


In this ship there was a rather unusual construction, whereby the hatch covers were large 
metal plates which were put in place or removed by steel cables operated by electric winches. 
During the fumigation these hatch covers were covered by plastic tarpaulins and the outside 
opening to the ventilators were covered with canvas sheets. 


FUMIGATION S/S KIM at MONTREAL, Que. 


Aug. 19/20, 1953. Hold No.2. Temp. 68°F. 


©—O LOWER HOLD CENTER HATCH Cae 


4—A LOWER HOLD STARBOARD BLOWER IN HOLD —+% 


6 
O—O LOWER TWEENDECK STARBOARD 
UPPER TWEENDECK STARBOARD 


TIME HOURS 


METHYL BROMIDE ozs. per 1000 cu.ft. 


LY) 


Figure 3. Concentrations of methyl bromide in different parts of hold during fumigation and 
ventilation. 


The total capacity of the hold was 128,025 cubic feet, and 128 pounds of methyl bromide was 
applied at 3.20 p.m., thus giving a nominal dosage of 1 pound per thousand cubic feet. Liquid 
methyl bromide flowed under pressure from cylinders and entered the hold near the top. 


SOCIETY OF ONTARIO 


~lI 
(Sy 


Initial distribution of the gas was effected in the usual manner by means of a single 1% h.p. 
fan with 1725 r.p.m., placed pointing upwards at an angle of 45°, at the bottom of the hold on 


the tank top ceiling, in the position indicated in Figure 2. 


This fumigation was scheduled to last for ten hours, so that the hatch covers should have 
been lifted at 1:20 a.m. on August 20. When the time for ventilation arrived, the member of 
the crew delegated to operate the electric winches was not available. It was decided to initiate 
ventilation by other measures, which were carried out as follows:— 


1:29 am. Tarpaulins removed. Some fumigant diffused through cracks between plates. 

1:53 a.m. Canvas covers to ventilators removed. 

1:56 a.m. Two blowers placed in manhole to force air-gas mixture up through ventilators. 

2:00 a.m. Circulating fans started in hold to assist ventilation. 

-2:24 am. Crewman arrived and removed hatch covers. Full ventilation may be considered 
to have commenced. 

2:30 am. Two blowers placed for forcing air into hold through canvas ducts. 


RESULTS AND DISCUSSION 


The results of the gas concentration analysis are set out in Figure 3. 


Samples were taken at regular intervais from the four points until ventilation was begun 
at the time the tarpaulins were removed. It was decided to take only samples from the bottom 
of the hold from then on, as this was the critical place from the point of view of rapidity of 
ventilation. 


At the conclusion of ventilation, when a zero reading was obtained at the bottom of the hold, 
samples were taken from the three other points and these, also, indicated that detectable con- 
centrations had disappeared. 


As might be expected, during the first two hours of fumigation the readings were somewhat 
scattered. Between the second and fifth hours the operators of the equipment were absent and 
readings were resumed afier 5 hours and continued until aeration was completed. 


After six hours the concentrations throughout the structure had fallen below the nominal 
dosage. A suggestion of increase in concentration from the eight to the tenth hours is explained 
by the fact that when the gas analyser is operated continuously it has been cbserved to exhibit 
a slight upward “creep”. This creep is believed to be due to a gradual increase in teniperature 
of the entire cell block of the thermal conductivity unit, caused by the heat from the filaments. 


CONCLUSIONS 


This preliminary trial has indicated the usefulness of the thermal conductivity method for 
studying gas concentrations during ship fumigation. The assembly of gas analyser, “helper”, 
and recording potentiometer is adaptable for this purpose. 


Despite the unusual construction of the hatch coverings in this particular ship, it may be 
concluded that during this fumigation the conditions affected by the hatch and its sealing were 
typical of those obtaining during normal treatments. This is substantiated by the fact that 
removal of the tarpaulins at ventilation time led immediately to a rapid fall in concentration 
within the hold. 


It is shown that during the fumigation of a ship of good construction the methyl bromide 
concentration is held at a high level throughout the treatment. After further studies of this 
nature are made data will be available for comparison with the results of laboratory studies 
on the concentration » time factors required to control the various insect pests found in the 
holds of ships. 
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Althcugh the usual ventilation procedure was delayed, and the hatch covers were not taken 
off at the beginning of ventilation, dissipation of the gas was rapid. All detectable concentrations 
had disappeared within 90 minutes of the removal of the tarpaulins, the first step in the 
ventilation process. 
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NOTES ON THE LIFE-HISTORY, HABITS, AND CONTROL OF THE 
APPLE SEEED CHALCID, TORYMUS DRUPARUM BOH. 
(HYMENOPTERA:CHALCIDIDAE) * 


H. P. RICHARDSON? and W. R. ALLEN? 


The apple seed chalcid, Torymus druwparum .Boh., was discovered by C. R. Crosby, Cornell 
University, Ithaca, N. Y., in the eastern United States in 1906; the date of its introduction is 
unknown but it was probably introduced from Europe by early colonists who brought apples 
to America and planted the seeds (Cushman, 1916). 


At the Canada Experimental Station at Morden, hardy varieties of crabapples and apples are 
being developed for the prairie region. In 1944, the production of apple and crabappie seed for 
this purpose at the Station was reduced by an estimated 50 per cent. This loss was primarily 
responsible for the initiation in 1945 of a study on the life-history, habits, and control of the 
insect in anitoba. 


LIFE-HISTORY, HABITS, AND DAMAGE 


In Europe, the chalcid has been reared from seeds of Sorbus intermedia (Ehrh.) Pers. 
|S. scandia], S. aria (L.) Crantz, Malus baccata (L.) Borkh., and M. sylvestris Mill.; Crosby listed 
as hosts the Lady apple; the wild crabapple, M. coronaria (L.) Mill.; and the following 
cultivated crabapples: a form of M. baccata, [M. sibricia var. striata], M. floribunda Van Houtte, 
M. prunifolia (Willd.) Borkh., M. ioensis (Wood) Brit., and Sorbus aria y S. torminalis 
[S. latifolia (Lam.) Pers.] (Cushman, 1916). Cushman reported also that other American 
workers found larvae of the chalcid in Northern Spy, Baldwin, Fameuse, Wagener, Russet, 
Tolman Sweet, and Lady apples. 


In Manitoba, the chalcid was reared from crabapple and apple selections of the crosses 
M. boccata yx M. pumila Mill. and M. pumila var. niedzwetskyana (Dieck) Schneid. yx M. 
baccata, from pear selection of the cross Pyrus communis L. x P. USSUTLENSIS Maxim., and from 
a Enropean mountain ash, Sorbus aucuparia L. Cushman (1916) considered the small-fruited wild 
seedling of the apple to be the natural host of the chalcid. In Manitoba, the crabapple is the 
main host. The apple and the pear are not particularly suitable hosts because their greater 


1Contribution No. 3188, Entomology Division, Science Service, Department of Agriculture, Ottawa, 
Canada. 

2O fficer-in-Charge, Fruit Insect Section, Entomology Laboratory, Morden, Man. 

83Associate Entomologist, Field Crop Insect Section, Entomology Laboratory, Brandon, Man. 
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size usually prevents the ovipositor of the chalcid from reaching the seeds. The mountain ash 
was only lightly infested and the adults reared frem it were smaller than those from crabapples, 
apples, or pears. 


The chalcid overwinters as a larva in the seed and pupates about the end of May. The pupal 
stage lasts 17 to 19 days; for the first 12 days the pupa remains uncoloured, then assumes the 
bright green-of the adult. The adults commence emerging about June 18 and continue to emerge 
for about 3 weeks. In experiments, female chalcids provided with granular sugar and water 
survived 19 to 32 days, the average life being 25.8 days; the males lived about half as long. The 
preoviposition period ranged from 2 to 4 days, and the female chalcids freely Oviposited in 


crabapples placed in the cages. 


In ovipositing, the female chalcid appears to probe the surface of the fruit with its antennae 
until a suitable spot is found, usually a depression. It then raises its abdomen, frees the ovipositor 
of its sheath, places the tip against the skin of the apple, and with a swaying motion of the 
raised abdomen forces the ovipositor into the apple, depositing an egg in a seed. The process 
usually requires several minutes. 


The wound caused in the fruit by the ovipositor appears as a brown streak in the flesh from 
the apple skin to the seed coat. When the infestation is severe, repeated oviposition causes 
distortion of the fruit. Only one larva develops per seed, although the oviposition marks show 
that more than one egg may he laid in a seed. 


Cusham (1916) observed that some of the chalcids remain in larval dispause over two winters 
ir the eastern United States. To dctermine whether the same phenomenon occurs in Manitoba, 
370 infested crabapple seeds were examined after chalcid emergence had ceased. Of these, 
79.7 per cent contained larvae, 48.6 per cent of which were alive; 4.7 per cent contained dead 
pupae; and 15.9 per cent had emergence holes. Furthermore, infested crabapples from which 
59 chalcids emerged in 1946 yielded several adults in 1947, thus demonstrating that some of the 
Jarvae remain in diapause for two winters in Manitoba. 


CHEMICAL CONTROL 


In preliminary tests, plots comprising sections of a row of edible and a row of ornamental 
crabapple seedlings were sprayed at the start of chalcid emergence with DDT in 1945 and with 
DDT and chlordane in 1948. The treatments were replicated four times in 1945 and twice in 
1948. Each insecticide was applied at 1 Ib. of toxicant per 100 gal. of water with spray guns at 
a pressure of 400 lb. per square inch. In 1915 samples consisted of about 300 crabapples from 
each of the ornamental and edible varieties in each plot. Each sample was run through an apple 
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Average percentage of seeds of edible and of ornamental crabapples infested by the apple seed 
chalcid after treatment with DDT and chlordane at 1 lb. per 100 gal., 1945 and 1948 


Average percentage of 


Insecticide Plot seeds infested 
1945* 1948** 
DDT Edible crabapple 3.9 15.3 
Ornamental crabapple 4.6 10.9 
Chlordane Edible crabapple = 41.8 
Ornamental crabapple — 83.4 
Check Edible crabapple 28.5 69.2 
Ornamental crabapple 10.3 53:3 


* Four replicates. 
** Two replicates. 
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crusher and the seeds were extracted from the pulp by washing and flotation. Three hundred 
seeds of each sample were opened and the infestation was recorded. In 1948, 100 crabapples were 
taken at random from each plot, the seeds being examined and the infestation recorded. 


From 1949 to 1952, DD'T was applied near the start of chalcid emergence to a 75-ac. mixed 
planting of apple, crabapple, other fruits trees, and ornamentals. Samples were taken from 
plots of 2 to 3 trees each of the crabappie varieties Dolgo and Alexis. The fruit of these varieties 
is very susceptible to chalcid attack (Table IJ). The control plot, of the crabapple species 
M. prunifolia, was in a separate planting half a mile distant. A spray was applied at three- 
quarters of a pound of DDT per 100 gal. of water. A sample of 100 crabapples was taken from 
each plot, the seeds being examined and the infestation recorded as in 1948. 


The preliminary tests (Table 1) showed that DDT reduced the chalcid infestation but that 
chlordane was of little value. 


The application of DDT to the apple and crabapple orchards from 1949 to 1952 (Table If) 
showed that in each of the four years DD'T was very effective. ‘The high level of infestation of 
1948 was reduced to a low level. 


Mivavione* 1 


Percentages of seeds of crabapples infested by the apple seed chalcid after treatment with 
DDT at % lb. per 100 gal. of water, 1949 to 1952 


Percentage of seeds infested* 


Plot Variety Unsprayed Sprayed 

| 1948 1949 1950 1951 tay, 
1 Alexis 86.6 8.7 0.0 0.0 323 
2 Dolgo _ 5 Be 0.3 1.9 
3 Dolgo 85.6 22) 10.2 0.8 0.0 
4: Dolgo = ale 32.7 2 5.0 
5 Dolgo 88.7 30-2 15.6 al oul 
6 Alexis = 28.6 V2. Le 9.1 
a Dolgo 91.1 77.0 36.6 0.0 = 
8 Dolgo 93.8 WAS ibe i 2or2 
9 Dolgo = D829 3.0 12 8.6 
Check M. prunifolia — 92.5: | 64.3 92-1 yg 


& Seanile: 100 creipacwlles Bron Bacw “le. 


The importance of timing the application of DDT to coincide with the start of emergence 
of the chalcid was demonstrated particularly in the 1949 experiments (Vable Il). In that year 
the marked decrease in the percentage of infested seeds in plots 1—3, sprayed on June 23, in 
comparison with plots 4—6 and 7—8, sprayed on June 27 and 28 respectively, was directly related 
to the time of spraying. As oviposition was observed on June 23, plots 4—9 must have been 
sprayed well after emergence had started. The variations in the percentages of infested seeds 
in 1950 and 1952 may be accounted for in part by prolonged chalcid emergence caused by cold, 
wet weather in 1950, and to a four-day delay in commencement of application in 1952. The 
small size of the insect makes it difficult for growers to use emergence as a means of timing; 
furthermore, it has not been possible to relate emergence with any phenological phenomena. 
For these reasons the recommended date of spraying in southern Manitoba, June 18, has been 
arbitrarily based on records of emergence for 1945-46 and 1948-53. In six of these eight years, 
emergence began on June 17 to 19; in 1946 and 1952 it commenced on June 11 and 7 respectively. 
As the pre-oviposition period is about three days, it is evident that June 18 would usually be 
satisfactory as the date to commence spraying in Manitoba. 
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SUMMARY 


The apple seed chalcid, an important factor in the production of seed for the development 
of new varieties of stock of apples and crabapples for the prairie region of Canada, overwinters 
as a larva in the seed and pupates about the end’ of May. ‘The adults generally emerge from 
June 17 to 19. Some of the insects spend two winters in the larval stage. 


In southern Manitoba, the chalcid may be controlled with one application of DDT, at three 
quarters of a pound per 100 gal. of water, on June 18. 


REFERENCE 


CusHMAN, R. A. 1916. Syntomaspis druparum, the apple seed chalcid. J. Agr. Res. 7: 487-£01. 


ie ge as 


RESIDUAL CONTROL OF WIREWORMS IN FLUE-CURED TOBACCO’ 


J: A.» BEGG? 


Entomology Laboratory, Chatham, Ontario 


At the Chatham laboratory, BHC was first tested for the control of wireworms in 1947; 
Armand (1), experimenting on potatoes, tomatoes, corn, and onions, obtained promising results 
with approximately 4 oz. of the gamma isomer per acre. ‘The material was effective when in- 
corporated into the soil, either as a spray or mixed with granular fertilizer. In the same year, 
D. S. Marshall, then at the Chatham laboratory, obtained satisfactory control of wireworms in 
flue-cured tobacco by incorporating BHC into the soil as a dust, or combined with granular 
fertilizer. 


Previous to the introduction of BHC, it was not unusual to replant entire fields of flue-cured 
tobacco twice or even three times. Since 1947, BHC incorporated into the soil has been one 
of the accepted measures for wireworm control in southwestern Ontario. 


In 1948, G. E. Coppel, then in charge of wireworm investigations at Chatham, commenced an 
experiment to study the residual eflect of BHC on the wireworm population in a flue-cured 
tobacco field. A randomized plot experiment begun in the same year was designed to test BHC, 
chlordane, DDT, ethylene dibromide, and DD mixture for the control of wireworms in fields 
used for flue-cured tobacco production. Both experiments were conducted in Fox sandy loam 
in Elgin County near Port Stanley, Ontario, where the eastern field wizeworm, Limonius agonus 
(Say), is the most important economic species. This paper is based on the results of wireworm 
population counts made in the two treated areas from 1948 to 1953, inclusive. 


METHODS AND MATERIALS 


In the usual rotation practised by flue-cured tobacco growers in this area, tobacco land is 
sown to rye after the tobacco has been harvested. This crop of rye is harvested late the follow- 
ing year and a second, or volunteer, crop is allowed to start from the seed shattered during 
harvest. This volunteer rye is ploughed under in the spring as green manure for the next crop 
of tobacco. ‘The usual tobacco-rye rotation was followed in the plot experiment, but not in the 
field study. 


1Contribution No. 3203, Entomology Division, Science Service, Department of Agriculture, Ottawa, 
Canada. 
2Agricultural Research Officer. 
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In both experiments, the insecticides were applied before transplanting the tobacco. The 
plants were set in rows 36 to 42 inches apart and spaced at intervals of approximately 24 inches. 


The treatments were evaluated by larval population counts made by sifting 1-foot cubes of 
soil through a quarter-inch screen. Approximately 20 samples were taken in the experimental 
field each year; 5 samples were taken from each plot in the plot experiment. The samples were 
taken at random in the crop row during the years that the experimental areas were planted to 
tobacco or corn, and at random throughout when the areas were planted to rye or oats. Counts 
made in rye or oats are not comparable with those made in rows of tobacco or corn; the wire- 
worm population in tobacco and corn is concentrated in the rows, whereas in the cereals they 
are dispersed rather evenly.* 


Field Experiment.-BHC, £0 per cent wettable powder (6 per cent gamma isomer), was 
mixed with granular fertilizer at 3.84 cz. of gamma isomer per 100 Ib. of fertilizer per acre. 
This was drilled into the soil on June 4, 1948, in rows 7 inches apart, to a depth of 4 to 
6 inches by means of a fertilizer drill. | 


In 1948, the wireworm population was counted before treatment in May, and after treatment 
in July and August. From 1949 to 1953, counts were made yearly in July. 


Plot Experriment.—This experiment was conducted on duplicate plots 40x 80 feet. The fol- 
lowing materials and rates per acre were used for the control of the wireworms: BHC, 2 lb. 
(3.84 oz. gamma isomer); chlordane, 1 lb.; DDT, 1 lb.; ethylene dibromide, 20 per cent by 
volume, 10 gal.; and DD mixture, 200 lb. BHC, cilordane, and DDT were dusted on the soil 
surface and worked in by hand raking to a depth of approximately 2 to 3 inches. Ethylene 
dibromide and DD mixture were injected approximately 8 inches into the soil with a calibrated 
soi} injector. 


Counts were made in the plots in July of each year. 


RESULTS AND DISCUSSION 


ivield Experiment.—Table 1 shows that the BHC treatment reduced the wireworm population 
from 1948 to 1950. ‘Since 1950, the population has not increased materially. Re-infestation may 
have been prevented by the residual effect of the BHC, and as a result of the general use of 
BHC from 1948 to 1950, on nearly ail of the cultivated land in the immediate district. 


TASER 1 


AVERAGE NUMBERS OF WIREWORMS PER SOIL SAMPILE FROM 1948 HO 1955 
IN THE EXPERIMENTAL FIELD TREATED WITH BEG IN 
JUNE, 1948, PORT STANLEY, ONTARIO 


Wireworms per 


Time of Sampling Crop sample of 1 cu. ft. 
May, 1948 (before treatment) Fallow 7.60 
July, 1948 (after treatment) ‘Tobacco 4.16 
August, 1948 “Fobacco 2.58 
July, 1949 Tobacco 1.92 
July, 1950 Oats 0.05** 
July, 1921 . ‘Tobacco 0.20 
July, 1952 Corn 0.25 
July, 1953 ‘Tobacco 0.30 


’ Ratio of wireworm population in rye to that in tobacco was |:1.76. 

*50 % wettable powder, 6% gamma isomer, Canadian Industries Ltd., Montreal, Que. 

** Not directly comparable because of cropping practice; possibly equivalent to 0.09 wireworms 
per sample in the tobacco row. 
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Wireworm damage to tobacco grown in the field has been negligible since 1948. The 1953 
population of 0.50 wireworms per sample represents 1 to 2 wireworms per tobacco plant; there- 
fore, even this low population could cause severe damage in a year favourable to wireworm 
feeding. 


y Plot Experiment.—Only BHC was effective in lowering the wireworm population in the plot 
experiment from 1948 to 1953. The action of the BHC was not affected’ when it was incorporated 
into the soil to a depth of approximately 2 to 3 inches. “Vhe wireworm population in the plot 
area, however, was considerably lower than in the field experiment. 


TABLE 2 


AVERAGE NUMBERS OF WIREWORMS PER SOIL SAMPLE OF | CU. FT. FROM 1948 TO 
1953 IN THE PLOT EXPERIMENT AFTER APPLICATION OF VARIOUS INSECTICIDES 
IN 1948, PORT STANLEY, ONTARIO 


Tobacco Crop | Rye Crop 
Geometric ; Geometric : 
difJerence difference 
between means between means 
of transformed of transformed 
| values’ values! 
Bed veatment per acre 1948 1950 1952 1952-1918 1949 1951 1955 1953-1949 
 BHC?, 2 Ib. ee eae — (0.326 oe abe, oo OOO Sy ogee 
(3.84 oz. gamma isomer) 
DD mixture’, 200 Ib. 0.2 1.0 Ot 0.108 0.0 1.4 0.9 0.690 
ie Ethylene dibromide', 0.1 1.0 0.7 0.321 0.2 0.7 0.7 0.389 
10 gal. 
- Chlordane’, 1 1b. B93 e208 —0.201 O28 Oc 0,5 0.151 
PDT, 1 Ib. 2.6 3.3 5.0 0.309 1.8 3.3 1.7 —0.036 
~ Check | Deh ad Oat OM 0.067 10 LG. 2.6 0.331 
' Difference necessary for significance 0.345 0.372 
at 5% level 
1The transformation y —log (x+1), where x is the number of wireworms counted, was used. 


250% wettable powder, 6% gamma isomer, Green Cross Insecticides, Montreal, Que. 
8Shell Oil Co. of Canada Ltd., Toronto, Ont. 

4{Dowfume W40, The Dow Chemical Co., Midland, Mich. 

"Dowchlor 40W, The Dow Chemical Co., Midland, Mich. 

650% wettable powder, Canadian Industries Ltd., Montreal, Que. 


Ethylene dibromide and DD mixture were effective in lowering the wireworm population 

in the year of treatment and the year following. As these treatments have no residual action, 
- population. increases began in the second year after treatment; and from 1950 to 1953 the wire- 
worms were sufficiently numerous to constitute a serious threat to row crops, but probably not 


7 


mato cereals. 


ry sae i: . ; oe ih pees 
At The population reduction from the chlordane treatment was unsatisfactory. “Phe rate, how- 
_ ever, was only one-sixth of that now recommended. 


DDT at 1 ib. per acre gave no reduction in the wireworm population. This is not remarkable 
since, in other experiments conducted from the Chatham laboratory, 10 Ib. of DDT per acre 
failed to give satisfactory control of the eastern field wireworm, 


we. 
& 


82 REPORT OF THE ENTOMOLOGICAL 


The adults of the eastern field wireworm can fly, but re-infestation in the experimental area 
has probably been slowed by the reduction of the wireworm population in the adjacent fields. 
The remainder of. the field in which the experiment was conducted was treated with BHC 
in 1948, and the fields alongside in 1949. 


CONCLUSIONS 


Experimental work conducted from 1°48 to 1953 showed that BHC worked into the soil 
at 3.84 oz. of gamma isomer per acre, satisfactorily controlled the eastern field wireworm, 
Limonius agonus (Say), for 5 years in a tobacco-rye rotation in Fox sandy loam. Wireworm injury 
to flue-cured tobacco grown in the treated soil was negligible from 1948 to 1953. Chemical 
analyses of treated soil in England (2) and the United States (3) confirms this residual property 
of BHC. Stone and Foley (4) found that BHC was effective against wireworms for 3 years. 
In an experiment at the Chatham laboratory, BHC at 12 oz. cof the gamma isomer per acre, 
mowever, was effective for only one year in protecting potatoes in Berrien sandy loam. 


Ethylene dibromide and DD mixture satisfactorily reduced the wireworm population in the 
year of application. Since these materials have little residual action, some re-infestation has 
occured since 1949. The rate of re-infestation was reduced by the general treatment of cultivate: 
iand in this area with BHC. 


Chlordane at 1 lb. per acre, although reducing the wireworm population slightly, was un- 
satisfactory because practical elimination of the wireworm is necessary for crop protection in 
widely spaced susceptible crops like tobacco. This was expected as the application was consider- 
ably lower than the present recommended rate. 


DDT at 1 lb. per acre appears to have had little or no effect on the wireworm population. 
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OVERWINTERING HABITATS OF THE ONION THRIPS, TRIES 
TABACTF LIND. (THYSANOPTERA: THRIPIDAE); IN 
SOUTHWESTERN ONTARIO’ 


KATHLEEN E. Boyce? and Litoyp A. MILLER® 
Entomology Laboratory, Chatham, Ontario 
The onion thrips, Thrips tabaci Lind., is one of the most serious insect pests in the onion- 


growing marshlands of southwestern Ontario. The species reproduces rapidly and feeds heavily 
on the succulent leaves of onions grown from seed, sets, cr seedlings. Infestations begin about 


1Contribution No. 3209, Entomology Division, Science Service, Department of Agriculture, Ottawa, 
Canada. 
2Agricultural Research Officer. 
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mid June and the populations remain at a high level from late June until harvest, usually in 
late August and September. Infestations are initiated by dispersing adults moving in from 
nearby crops. Observant growers have reported population increases in onions after adjacent hay 
crops had been cut and, conversely, fewer thrips in onions when adjacent hay crops were left 
standing. The suitability of nearby crops as overwintering habitats is also a factor in infestation. 
This is a report on investigations in 1952 and 1953 on the relative importance of various over- 
wintering habitats of the onion thrips in southwestern Ontacio and of the proximity of various 
crops to onions. 


METHODS AND EQUIPMENT 


With the exception of July, 1953, two samples from each of eight study fields were taken 
every two weeks from November, 1952, to December, 1953. In the wilter, a sample consisted of 
ihe green crowns of plants and of soil from an area 7 by 7 inches to a depth of half an inch. 
Because of the mild, dry winter of 1952-53, the soil in all samples was less moist than in years 
when precipation was normal. Beginning in April when the new growth started, the samples 
consisted of plants that were 3 to 4 inches high. 


The equipment used to obtain the thrips from the samples was a modification of the Berlese 
funnel and was very similar to what employed by ‘Shirck (2) in Idaho. As the sample was brought 
from the field, it was placed in a 6-inch flower pot. A waterproof card-board container 5 inches 
high, with the bottom removed, was taped to the top of the flower pot. The lid of the container 
was replaced with muslin to allow aeration of the sample. and to prevent escape of specimens. 
To the bottom of the pot was cemented a rubber stopper, with’a hole in line with the drainage 
hole. A small jar containing 20 cc. of 5 per cent formalin was fitted to the rubber stopper. Ten 
of these collecting units were held in a rack in a drying oven. 


The drying cven (Fig. 1), 5 feet long by 3 feet high by 1% feet wide, was constructed of 
one-quarter-inch plywood and lined with half-inch insulating beard. Two swinging doors were 
constructed on one side of the oven and 2 small glass window was inserted in one of them for 

recording temperatures. Heat for the oven was supplied by three 100-watt bulbs and was 
circulated by an electric fan immediately below the bulbs and facing upward. The temperature 
“in the oven was thermostatically controlled at 110°F. 


Fig..1. Drying oven with collecting units. 


84 REPORT OF THE ENTOMOLOGICAL 


As the samples dried, the thrips moved downward and eventually into the formalin. Seven 
days in the drying oven were sufficient to remove the thrips from the samples. The formalin 
was then filtered in a Beuchner vacuum funnel and the thrips and other specimens were left 
exposed on a filter paper, where they were identified and counted. 


Acults of T. tabaci were identified from Hinds (1). 


The study fields, described below, were within a quarter of a mile from an 1]1-acre onion field 
that had been severely infested by thrips in 1952 and 1953. 


Red Clover.—A dense stand of red clover was grown on a 10-acre field adjacent to the onions. 
On May 21, the field was ploughed and corn planted. 


Alfalfa A.— Alfalfa was grown in 1952 and 1953 on a 12-acre field separated from the onions 
by 50 yards of corn stubble. 


Winter Wheat.—A 6-acre field of winter wheat, adjacent to the onion field, was planted in’ 


the fall of 1951, ploughed under as a green manure crop on May 6, 1952, and planted to field 
beans. It was re-seeded to winter wheat in September, 1953. 


Alfalfa B.—The stand in this 4-acre field was less dense than that of alfalfa A. It was 
separated from the onicn field by a field of red clover, a quarter of a mile wide. It was ploughed 
on May 21, and planted to corn. ; 3 


Grass Sod.—The samples were obtained from the banks of a drainage ditch that bordered the 
field on one side. They consisted of the crowns of species of meadow grasses and weeds that 
grew profusely during the summer. Matted, decaying vegetation was also included. . 


Oat Stubble.—No crop of leguminous hay or green manure had been planted with the oats 
in this 15-acre field in April, 1952. Following harvest in late June, 1952, the field lay dormant 
until May 21, 1953, when it was ploughed and corn planted. All samples taken from this field 
mcluded oat stubble, which was approximately 6 inches high. 


Onion Culls.—Practically every farm on the marsh has an onion cull pile. This includes 
discarded bulbs and dried onion leaves that are pulled from the onion bulbs during the “top- 
ping’ operation. Because of their proximity to the onion fields, the cull piles have always been 
considered a source of thrips infestation. A sample consisted of a 6-inch flower pot filled with 
three bulbs and with dried leaves. 


Muck SoilSamples were taken directly from the field in which the onions were grown. 
A sample consisted of the soil from an area 7 by 7 inches to a depth of 2 inches. 


RESULTS AND DISCUSSION 


Neither adults nor nymphs were obtained from the onion cull pile or the muck soil. The 
results of 13 months’ collections are given in Table 1. 


As the systematics of the immature stages of thrips is poorly known, the figure given in 
Table 1 for the number of nymphs represents the total of all species present in the sample. 


The onion thrips overwintered principally in the adult stage, and was particularly abundant — 


in fields of red clover and alfalfa. After the onion harvest in September, the thrips population 
dispersed to the nearest suitable overwintering site. This is well illustrated in a comparison 
of the numbers taken in the two alfalfa fields. The alfalfa A field, which was. only 50 yards 
from the onion field, supported a large overwintering population, whereas the population in the 
alfalfa B field, a quarter of a mile away, was ne@ligible. The red clover and alfalfa A fields 
were harvested on May 22 and June 20, respectively, and by June 22 the infestation of the thrips 
in the adjacent onion field was of such severity as to warrant control measures, 
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The nymphal and aduit thrips populations were at a minimum in January and February, 
and began to increase during March and April. In May, the nymphal population in the red — 
clover, alfalfa A, and wheat fields increased markedly; an increase was also apparent in 


grass sod. 


Grass sod bordering onion fields, onion culls, and muck soil de not appear suitable as over- 
wintering habitats and are, therefore, not considered a source of thrips infestation. The oat 
stubble field was a potential source of infestation, as indicated by the numbers taken in No- 


vember and December, 1952. 


The results of this study are remarkably similar to those cbtained by Shirck (3) in southern 


Idaho. 


SUMMARY 


A technique is described for obtaining the onion thrips from soil and vegetation. Apparatus 
is described and illustrated. Of eight sampling sites, red clover and alfalfa fields harboured 
the largest thrips populations. Grass sod, onion culls, and muck soil were not important over-_ 
wintering habitats of the thrips. Overwintering habitats that were adjacent to or near, the 
onion field supported greater thrips populations than a similar overwintering habitat a quarter 
of a mile from the onion field. Onions became infested when nearby hay crops were cut in June. 
In the absence of alfalfa and clover fields, Gat stubble and winter wheat would probably provide 
suitable overwintering habitats. 
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HISTOLOGY OF THE EYES AND THEIR CONNECTION WITH THE 
BRAIN IN THE DAMSEL-FLY, Lestes rectangularis Say 
(ODONATA : LESTIDAE) 


W. W. Jupp 


Depariment of Zoology, University of Western Ontario 


MATERIAL AND METHODS 


The insects sed in this study were adult damsel-flies, Lester rectangularis Say, captured on 
June 19, 1950 around the borders of the Dundas Marsh, Hamilton, Ontario where this species 
occurs in flight during June and July (Judd, 1953). They were kilied in a poison jar and 
immediately after death they were slit open along the mid-dorsal line of the thorax and abdomen 
and placed in Bouin’s fixative for about twelve hours. The heads were then removed and 
sectioned at 10 microns and the sections were stained with either Mallory’s triple stain or 
Delafield’s haematoxylin and eosin. Drawings were made with India ink on Bristol board to 
illustrate features of the histology of the eyes. A rayoscope was used to project the outlines of | 
the tissues on the drawing board and finer details were added by examination under a compound 
microscope with the aid of a calibrated ocular micrometer. 
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In describing the characters of the head of the Odonata, Liu (1933) distinguished the damsel- 
flies of the family Lestidae by noting that “the postocular lobe is better developed, the dorsal 
half of the eye is pushed outward, and the inner eye margins are not parallel with each other.” 
These features are noticeable in the head of Lestes rectangularis (Fig. 1), for the postocular lobes 
(PL) are prominent and the inner margins of the compound eyes diverge posteriorly. The 
compound eyes (E) bulge from the sides of the head and the lateral and median ocelli (LO,MO) 
form the corners of a triangle in the centre of the head structure, the lateral ocelli extending up- 
ward above the level of the median eye. Liu (1933) also made comparative measurements of 
the external features of the head in five genera of Lestidac, e.g. the width and length, and 
showed that if the average width is expressed as 10, the average length is represented by 4.1. 
In Lestes rectangularis the width of the head is 5 mm. (Fig. 1) and the leneth 2.3 mm. If the 
width is expressed as 10 the length is represented by 4.6, this figure approximating the average 
figure for length (4.4) as stated by Liu. 


DESCRIPTION 


In horizontal and vertical sections of the head (Figs. 2, 3) the compound eyes (EF) are seen 
to occupy the whole of the outer ends of the sections, being composed of ommatidia radiating 
outward from the ganglia of the brain. ‘The brain (B) is narrow and transversely elongated and 
straddles the oesophagus (Oc). The lateral ganglionic extensions of the brain are the opticon 
(OP), followed by the epiopticon (EOP) and the periopticon (POP). These structures and the 
rest of the brain tissue are enveloped in the nerve cell sheath (NCS). The optic nerve (Fig. 4 — 
ON), leaving the brain tissue proper, widens out to meet the opticon which consists of long 
narrow cells, the nuciei of which form a.regular row across the middle of the tissue. The 
opticon is connected to the epiopticon by the fibres of the inner chiasma (IC). The epiopticon 
forms a cup-like mass enveloping the outer end of the opticon, and as in this latter structure, 
consists of long, narrow cells with nuclei centrally placed. The fibres of the outer chiasma (O'C) 
cross one another in traversing the space between the epiopticon and periopticon and are closely 
surrounded by the cellular mass of the nerve cell sheath (NCS). Beyond the outer end of the 
cells of the periopticon are the ommatidia (O) of the compound eye. 


The band of tissue lying between the outer end of the periopticon and the basement mem- 
brane below the ommatidia has been called the “terminal anastomosis” by Hickson (1885) 
(Fig. 6 — TAI-TA+4). The periopticon (POP) is composed of long cells in which the nuclei are 
mainly concentrated toward the outer ends. Adjacent to the outer border of the periopticon is 
the inner region of the terminal anastomosis (TA1) which consists of numerous cell bodies with 
spherical nuclei, a region called the “atissere K6rnerschicht” by Hertweck (1931). In the next 
region (TAQ) the fibrils are collected into bundles which are separated by intervening tracheae 
(1). These tracheae form a regular row across the tissue of the terminal anastomosis parallel 
to the basement membrane (BM). The third region of the terminal anastomesis (TA3) is one 
of plexus formation, containing numerous cell bodies. In the fourth region (TA4) the fibrils are 
again arranged in bundles and pass through interstices in the basement membrane to the 
ommatidia. 


The ommatidia of the compound eye are about 0.5 mm. long (Fig. 5) at the middle of the 
eye and are progressively shorter toward the periphery where they are about half that length. 
At the outer end of an ommatidium is a biconvex facet of the cornea (C). Behind this is the 
crystalline cone (CC), its broad outer end containing four flattened Semper’s nuclei (SN). 
Having the Semper’s nuclei at the outer end of the crystalline cone, the ommatidium is thus 
of the “eucone” type (Hickson, 1885). Adjacent to the narrow end of the crystalline cone are 
the nuclei of the accessory pigment cells (APC) followed by the larger principal pigment 
cells (PPC). The retinal region of the ommatidium is about 0.4 mm. long and consists of eight 
retinal cells surrounding the central rhabdom (R). The nuclei of the retinal cells are 
atranged in three groups which form three distinct rows across the width of the rank of 
ommatidia in the eye. The first group is at the outer end of the retinal cells and consists 
of two nuclei (RNI,RN2). The second group comprises four nuclei (RN3, 4, 5, 6) clustered 
at about one-third of the distance alone the length of the retinal cells. The third group, 
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comprising nuclei RN7 and RN§8, is about 0.1 mm. from the basement membrane. On the — 
outer surface of the retinal cells are small nuclei (PCN) of the retinal pigment cells. Between | 
the ommatidia are thin-walled tracheal sacs (TIT) with a few large, scattered nuclei (TN). 
A tangential section of the outer ends of the ommatidia (Fig. 7) reveals the hexagonal facets 
of the cornea (C), the Semper’s nuclei in clusters of four (SN) and the crystalline cones (CC) 


showing the outlines of the four cells from which each was formed. “a 


Oguma (1917), in his investigation of the histology of the eyes of dragon-flies in the two — 
genera Somatocklora and Sympetrum, found that the dorsal ommatidia were larger than the — 
ventral ommatidia and that they exhibited several differences in structure. Liu (1933) computed 
the ratio of size of the larger (dorsal) facets and the smaller (ventral) facets in the eyes of 
dragon-flies and damsel-flies of the various families of Odonata. The average ratio was largest 
in the Gomphinae (2.68) and Libellulinae (2.12) and least in the Zygoptera (1.31). In Lestes 
uncalus, as representing the Lestidae, the ratio was small, (1.1). In the species at present under 
consideration, Lesles rectangularis, no difference in the size of the facets was detectable as 
between dorsal and ventral facets, but the facets of the outer bulge of the eye were slightly. 
larger than those adjacent to the periphery of the eye. ar 


The ocelli of Lestes reclangularis are arranged in a triangular pattern in the middle of the 
upper surface of the head (Fig. 1), the median ocellus (MO) being farther forward than the 
two lateral ocelli (LO). The lateral ocelli are raised above the genera! surface of the head on 
two short staiks (Figs. 11, 12). The cuticle of the head (CU) around the bases of the stalks and> 
between them is heavily sclerotized and is marked externally by rough projections. A median 
section of a lateral ocellus (Fig. 11) shows the cuticle expanded into an almost spherical corneal 
lens (C). The hypodermis (Fi) is differentiated into a layer of corneagenous cells (CG). Next 
to this is an inner, thicker layer of retinal celis (RT). Beneath the retinal cells the lateral ocellar 
nerves (LON) pass downward to the brain (B) and straddle the median ocellar nerve (MON) 
which passes backward between them (lig. 12). This passage of the median ocellar nerve 
between and below the lateral ocellar nerves has been noted by Baldus (1924). 


The median ocellus at its ereatest width is about 0.3 mm. wide (fig. 10). A section across 
this width reveals the large, convex lens (C) continuous with the surrounding cuticle. Below 
this is a layer of corneagenous cells (CG) which are largest toward the periphery of the layer. 
The retinal layer (RT) consists of numerous elongated cells, each with a central dark rhabdom. 
Sections of the median ocellus ventral to its greatest width show the tissue of the ocellus 
organized into two similar portions, bilaterally arranged (Figs. 8, 9). The two portions are 
covered by a continuous cornea (C) and the division into two is not evident externally. Each 
of these portions comprises elements of the layer of corneagenous cells (GG) and of the retinal 
layer (R'T) and each contributes a separate clement to the median ocellar nerve (MON) which 
passes backward into the brain (B). This division of the median ocellus in insects into twa 
portions has been noted by Snodgrass (i926) and is the basis for his conclusion that “there is 
evidence in the structure and development of the median eye that it is the product of fusion of 
an original pair of eyes.” 
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— Dorsal view of head of J. estes rectangularis 

— Horizontal section of head and brain 

—. Vertical section of head and brain 

— Vertical section of optic ganglia 

—.Longitudinal sections of ommatidia 

— Longitudinal section of periopticon and terminal anastomosis 
— Tangential section of outer ends of ommatidia 

— Horizontal section of lower region of median ocellus 

— Horizontal section of middle region of median ocellus 

— Horizontal sectien of upper. region of median ocellus 

— Vertical section through middle region of lateral ocelli 
— Vertical section through posterior region of lateral ocelli 
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SOME ASPECTS OF THE ECOLOGY OF THE CLOVER SEED WEEVIL 
MICCOTROGUS PICIROSTRIS (F.) 
(COLEOPTERA:CURCULIONIDAE) *” 


C. R. MoreELAND 


Plant Products Division, Production Service, Ottawa 


The timing of insecticidal treatments is a most important factor in control. Although 
chemical control had been effective in reducing numbers of adults of the clover seed weevil, 
Miccotrogus picirostris (F.), in alsike fields (Heming, 1951), the proper time for application 
had not been determined since the spring movements of the weevils varied somewhat from year 
to year (Heming and Arnott, 1951). During an investigation to determine the factor or factors 
influencing the movement of the weevils, the effects of certain physical factors on the numbers 
coming into or in the crop were studied: and are reported herein. 


M. picirostris (F.), formerly known as Tychius picirostris Fab. and easily confused with 
T. stephensi Schonh.,-is a small grey weevil approximately 2:5 mm. in length. After the alsike 
has been harvested about mid-July, the “new” weevils? emerge from the soil and leave the field 
in search of nourishment and the protection of denser vegetation. “Towards the end of August, 
these adults disappear completely, evidently moving into cover in fencerows, headlands and 
pastureland for the winter. The following spring, about May 1, weevils are found on the 
blossoming parts of such herbaceous plants as dandelion and wild strawberry, where they 
evidently feed on nectar. During the first week of June, as the alsike develops the first bloom, 
the weevils commence to move into the field. Here they feed, mate and oviposit. 


To date the weevils have been reported from every Canadian province west of, but not 
including, Quebec and from, Nova ‘Scotia. In Ontario they have not been found east of Victoria 
and Durham counties. Reports indicate that this species is present in Oregon, Idaho, Washing- 
ton, New York, Pennsylvania, Ohio, Utah, Indiana and Minnesota in the United States. 


1Part of the programme of the Legume Research Committee in Ontario. 


Presented to the School of Graduate Studies of the University of Toronto, in partial fulfilment 
of requirements for the M.S.A. 


8Adults of the new generation which emerge in July and August. 
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I. FIELD AND AERIAL POPULATIONS OF M. PICIROSTRIS 
Seasonal population numbers in alsike fields were taken both at and slightly below the 
blossom level (1951 and 1953) and in the air at the margins of the fields during the period of 
blossoming and seed set, when weevil movement into the field was in progress (1952). 
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Fig. 1. Histograms of some weather factors and the population of MM. picirostris as recorded at 
the Keith farm in 1951. 
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METHODS AND MATERIALS 


During the summer of 1951, daily sweeps were taken in a 4-acre stand of volunteer alsike 
at the W. F. Keith farm in eastern Norfolk County, from June | to July I inclusive. A sweep-net 
(12 inches in diameter, 3-foot handle) was used and each sweep covered approximately five 
square feet. One hundred single sweeps were taken at random every day at mid-morning. 
Similarly in 1953, sweeps were taken periodically in a 4-acre alsike stand at the Brampton Seed 
Farm in Peel County, to confirm population trends as noted during previous years. 


In 1952, six large wooden wind-frames (Moreland, 1953) were placed at the margins of each 
of two fields, one on the L.B. Mehlenbacher farm at Kohler in Haldimand County, and the 
other at the Keith farm, as shown in Fig. 4. Each frame was provided with four vertical strips 
of kraft paper coated on the exposed side with Tanglefoot. These frames were examined daily 
from June 3 to June 23 inclusive. 


RESULTS AND DISCUSSION 


Figure 1 shows the number of weevils collected daily by 100 sweeps at the Keith farm in 195]. 
Weevils appeared in the field on June 4 and their numbers rapidly increased to a maximum on 
June 16. It was reported by Arnott (195!) that the greatest number of weevils taken with 50 
sweeps in alsike on this farm in 1950 was 400. This is only about one-quarter of the maximum of 
2924 for 100 sweeps in 1951, and suggests that large weevil populations may build up if their 
principal host plant is grown year after year on the same farm or in the same immediate locality. 


Although the peak population of June 16 was not reached again during the summer, numbers 
remained high until the end of June after which they slowly decreased, reaching a calculated 


473* on July 14. By this time the alsike was ready for harvesting and the decrease in numbers 
may have occurred because the developing seeds were becoming too hard for successful penetra- 


tion by larvae and adults or because of natural mortality. 


On July 1, 1952, at the Mehlenbacher farm, 50: sweeps taken in an alsike field yielded 1196 
adults. The stand was poor and sweeps were taken only in areas of pure or nearly pure alsike. 
Nevertheless, this is an extremely -large population when one considers that alsike had not been 
grown on this farm or in the immediate area for several years. It is probable that when a popu- 
lation of these weevils builds up, only to have its main host crop discontinued, then it may 
survive on volunteer alsike, white Dutch, and Ladino clovers or in pasture mixtures. 


Table I shows the number of weevils collected in 50 sweeps during the alsike blooming 
period at the Brampton Seed Farm in 1953. 
TABLE 1 


ADUILTS OF M. PICIROSTRIS COLLECTED IN 50 STANDARD NET SWEEPS AT 
THE BRAMPTON SEED FARM, 1953. 


Date No. of Weevils Date No. of Weevils 

June 3 Z July..3 1091 
8 3 7 1137 
10 12 10 . 1030 
15 298 4 14 1272 
18 1383 16 898 
19 513 20 589 
22. 1209 ZO 410 
Ces 1359 27 293 
27 1402 30 155 
As 1617 


4Only 50 sweeps were taken instead of the usual 100. 


O4 REPORT OF THE ENTOMOLOGICAL 


eens ee serene eee een SK 


The first weevils were seen on fune 3, 1953, when a few white Dutch plants were in bloom 
in the alsike field. The alsike had not yet commenced to blocm. These data would indicate 
that the main movement of the adults, as affected by the alsike, began during the period June 8 
to June 10, reaching a high point by June 18. The pcpulation of 1383 at this time was slightly 
exceeded toward the end of the month. The large decrease in numbers on June 19 may be 
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Fig. 2. Histograms of some weather factors and the aerial population of \. picirostris as recorded 
at the Keith farm in 1952. 
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attributed to spraying of the alsike surrounding the observation area on the evening of June 18. 
The population remained high until the middle of July after which the numbers decreased as 
the crop matured. 


In Fig. 2, the total numbers of weevils found in 1952 on the six wind-frames at the Keith 
field are shown. Two population peaks are noted, a minor one on June 7 and another over the 
period June 15 and 16. The poor flight on June 14 can be attributed to the spraying of part 
of the field on the evening of June 13. After June 16, the amount of flight diminished as the 
weevils settled down to feed and oviposit after the main influx. 


These data from the wind-frames confirmed the observation that the weevils move into the 
crop by flying. Large numbers of weevils were observed walking in and around the field, but 
the extent of movement by walking was not determined. 


ll. THE EFFECT OF CERTAIN PHYSICAL FACTORS ON THE POPULATION 


Recorded data on physical factors are frequently inadequate in that they often give only 
the extremes; whereas, the critical period might be somewhere between these points. Under 
field conditions, where only the macroclimate is being recorded, the effect of the factors on the 
population as a whole must be considered. It is then permissible to speculate that these effects 
are produced on the individual as well. Any conclusions reached must necessarily be general 
rather than specific. 

e ; 

The effect of such factors as hours of sunshine, precipitation, temperature, humidity, and 
wind on the population of M. picirostris adults, was studied at the Keith farm during the 
summers of 1951 and 1952. 


The histograms in Fig. | give data on sunshine, precipitation, temperature and population 
counts by sweeping, as recorded in 1951. Humidity records for this period were found to be 
unreliable and are not reported. Figure 2, showing 1952 data, is similar to Fig. | for the same 
weather factors, but the weevil population figures were obtained from the wind-frames. Reliable 
humidity records were secured in 1652; these are discussed later. 


(ABE UU 


POPULATION OF M. PIGIROST RIS IN 100 SWEEPS BEFORE AND AFTER RAINFALLS, 
RET BEE Dy, 95k 


Precipitation Population Population 
Date lit inches before rain after rain 
June 10 07 385 ay 
13 88 1571 114] 
14 OI 
15 O4 . 1141 1895 
20 D7 2480 1865 
22 49 
29 09 2359 1947 
30 04 
oly a 72 Al 1947 1817 
2 At 
5 78 1751 1173 
10 1.35 1087 1025 
1] 16 


12 22 1025 975 
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A. Light. According to Arnott (1952), the weevils are positively phototropic. In his report, 
no mention was made of any crepuscular or nocturnal activity. Figures 1 and 2 indicate that 
the number of hours of sunshine each day had no apparent effect on the weevil population, 
either while on vegetation or in flight. 


B. Precipitation. Chapman (1931) stated, “Heavy precipitation may act directly by 
mechanically removing certain insects from their host plants’. M. picirostris adults, with the 
slightest disturbance of foliage or blossoms, tend to fall off the host plant. The summer of 1951 
was wet while that of 1952 was dry. During the period in 1952 when the weevils were moving 
into the alsike in large numbers, no rain fell. Consequently, any effect that rainfall might have 
had on weevil activity could not be studied. In 1951, population figures were recorded before 
and after rainstorms. These are given in Table II. In each case, sweeping was done as soon after 
the rainfall as the foliage was reasonably dry, by the same person, and with the same insect net. 


Populations, with one exception, were reduced after each rainfall. The exception occurred 
the day before the peak of population was reached. At this time, the weevils were moving 
continuously into the alsike field in such large numbers that any decrease that might have been 
caused by the slight rain could have been more than offset by the arrival of other weevils. 


KEITH FARM ; 


1952 
mm’s 
of 
He , SATURATION DEFICIENCY 
12 
L] 
6 
3 
y 4 
RELATIVE HUMIDITY 
Maximum 
100 3 eg j 
50 
Minimum 
25 
2 POPULATION ON WIND FRAMES 
8 12 
= 
2 4 
3 
2 
qu 6 
2 
(2) 
4 
3 
e 


JUNE 


Fig. 3. The population on wind-frames and humidity records expressed in terms of relative humidity 
and saturation deficiency, Keith farm, 1952, 
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Location of the wind-frame flight traps at the Keith and Mehlenbacher farms, 1952 
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Rainfall, unless quite- light, has a disturbing effect on the weevils and some fall to the 
ground. 


-C. Humidity. In 1952, during the major flight period, daily wet- and dry-bulb temperatures 
were taken. From these records the daily maximum and minimum relative humidities were 
calculated. These data are included in Fig. 3. Saturation deficiencies, based on the mean of four, 
hourly, wet- and dry-bulb readings from 8:00 a.m. to 11:00 a.m. standard time, are also plotied 
in Fig. 3. These were determined from morning readings as the weevils have been shown not 
to move appreciably at night (Moreland, 1953). The weevils were coilected from the wind- 
{frames in the afternoon, a very time-consuming operation. . 


From an examination of these data, it would appear that humidity has no appreciable eifect 
on the aerial population of M. picirostris adults. 


D. Temperature. On the basis of the data in Figs. 1 and 2, it would seem that the normal 
daily variations in temperature in the fields are not factors of much importance in determining 
the population of adult weevils in a particular location. 


E. Wind. In 1952, an extensive study on the effect of wind on the weevils was undertaken 
usurg wind-frames. 


The frames were erected in the field margins of alsike stands at the Keith and Mehlenbacher 
farms and numbered as indicated in Fig. 4. Counts were made from June 3 to June 23 inclusive. 
In order to facilitate the taking of data on height of flight, each wind-frame was divided into 
16 sections in the vertical direction, each section, except the lowest, being one foot in height. 
Each section had 4 Tanglefoot-treated surfaces totalling approximately 96 square inches. Section 
] was not used in taking counts (Moreland, 1953). 


TABLE Tt 


AMOUNT AND DIRECTION OF WIND AND THE NUMBER OF WEEVILS 
COLLECTED ON THE WIND-FRAMES. KEITH FARM, 1952 


No. of weevils per wind-frame 


Date Amount of wind in miles from each direction* Wind-jeame 
Ni NIB oR SEs 28) eS W 2 WwW aN WwW y, 8 9. Qs ait 12 
June 4 14 5 4] 2 1 1 ] 1 3 
5 8 6-29 2 3 1 2 4, 3 
6 33-93 9 15 2 9 5 5 5 
7 44-24. 39 26 11 14 ss eee 
8 4 B22 5 13.7 46> S628 8 7 
9 625. bb 26 28 6255 DAs eet 2 6 
10 139 10 Si 5 a 1 2 1 
H 217 2 3 3 1 1 
12 7 £9. SS SS 6,44 = (15 SI29 se 
13 OA 4) 7 4 8 72... 91-120 tesa ee 
14 29g AZ bs 30 23 - -39" isl ee 
1h? 
16 Liin05 EF 38 Bee 602 408 314 142 372 485 
17 19 10 91 191 60-- 60°> 42 ee 
18 ae Ai, 19 5 7 Yeas 
Totals AB AZZ, 4A 22" 270, AT IAG. 419 1019 760 804 555 740 807 


iCalculated from 4 a.m. to 12 noon of the same day and from 6 p.m. to 9 p.m. of day before. 
2Calculated from 4 a.m. to 9 p.m. inclusive. 
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Observations in the Keith field in 1952 showed that wind direction was identical with the 
continuous readings at the Long Point Meteorological Station, 35 miles away. Absolute velocities 
differed, but it was assumed that they would be relative. Consequently, the official records from 
the Station were used in this study. 


The wind-frame population figures from the Keith field were used to determine the correl- 
ation between wind (direction and amount) and weevil numbers. Table III shows the number 
of weevils collected on each frame during the period June 4 to June 18 along with the wind 
direction and amount. Wind was calculated from 6 to 9:00 p.m. of the day, before and from 
4:00 a.m. until 12 noon of the same day. The afternoon period; was omitted, because at this 
time the wind-frames were down for counting and removing captured weevils. Since the weevils 
do not move appreciably in the dark, records were not taken during the period from 9:00 p.m. 
to 4:00 a.m. 


Reference to Fig. 4 will show that wind-frames 7, 8-9, 10 and 11-12, faced in the directions 
west, south, east and north respectively. In Table IV, the possible directions of wind to which 
each wind-frame was exposed and the number of miles of wind each frame experienced during 
the observation period, are given. 


TABLE IV 


THE DIRECTION OF WIND AND NUMBER OF WIND-MILES TO WHICH KEITH 
WIND-FRAMES WERE EXPOSED 


Wind-frame Ex posed to wind Miles of wind by directions 
No. directions June 4 — June 18 
7 SW-W-NW Bey Os AO} ==". 1106 
8 SW-S-SE Baier Onsh a 220 8 1Oo9 
9 SW-S-SE SE) 4 eras) 
10 NE-E-SE D2 rails 322 a 85 
I] NE-N-NW 122 ei OTe LO == FSG 
12 NE-N-NW = 086 


The analysis of insect totals on wind-frames facing each direction and amount of wind to 
which each frame was exposed gave a correlation coefficient of +.0.96. ‘This led to the conclusion 
that the weevils in flight were carried or: aided by wind. It was observed, however, that in- 
dividuals could and did fly against winds of moderate velocity. ‘This observation was supported 
by the counts of weevils trapped on wind-frames facing in the down-wind direction. 


The wind-frame figures obtained at the Mehlenbacher farm were used to determine the pre- 
ferred height of weevil flight. The field was flat and thus errors due to uneven topography 
were avoided. In Table V, the number of weevils found on each section of each frame during 
the observation period (June 3 to June 23) is given. 


There was a high positive correlation of 0.94 between height of sections and number of 
weevils on each section. By the method of least squares the equation for the curve was de- 
termined to be: y = —l.4x'*38:2 where y =the number of weevils. Substituting 0 for y, we 
find that x = 27.3, which indicates that the ereat majority of these weevils are likely to be found 
within 27 feet of ground level. 


lil. INDICES FOR TIMING CHEMICAL APPLICATIONS FOR CONTROL OF 
M. PICIROST RIS ADULTS 
Of prime importance in the production of alsike seed is the possession of some index, usable 


by the farmer, to determine the proper time (s) for insecticide application. It was concluded by 
Arnott and Heming (1951), that a population assay by net sweeps would provide more accurate 
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- TABLE V 


HE NUMBER OF WEEVILS ON EACH SECTION OF THE WIND-FRAMES AT THE 
MEHLENBACHER FARM — JUNE 3 to JUNE 23, 1952 


Section Wind-frame No. Tolals 
1 2 3 4 5 6 

2 36 40 19 19 35 51 200 
3 37 43 23 27 47 Aq aes 
4 37 31 24, 21 43 51 207 

5 29 34 23 nies. 44 BD hie 190__ 

6 33 15 20 28 33 36 165. 
7 37 25 35 2] 34 27 179 
8 29 2] 16 25 36 26 146 
9 20u 25 17 19 26 18 125 
10 36 Te o3 OG a a 26 30 28 164 
1] 15 20 19 Vie 24 31 126 
12 31 17 14 34 33 28 157, 
13 26 16 15 14 25 17 113 
14 17 10 13 3, 33 29 118 
15 24 13 12 16 23 24 112 
16 8 4 6 17 7 19 81 
Totals 408 337 277 335 493 475 2307 
General Mean 25.6 


Table VI shows a trend for the weevils to decrease in numbers as height was increased. 


TABLE VI 


THE MEAN NUMBER OF M. PICIROSTRIS ADULTS PER WIND-FRAME SECTION 
AT THE MEHLENBACHER FARM 


Section Mean Section Mean 
2 33.3 eG 20.8 

5 37.3 ‘ 10 275 

4 34.5 11 21.0 

5 aney 12 26.2 

6 27.5 1 18.8 

7 29.8 14 19.7 

8 24.3 : 15 18.7 

16 ; 13.5 


Necessary Mean Difference for Sections (5%) 7.5 


GEA eee 


timing data than the degree of bud and blossom development, although they felt that the 
amount and stage of bloom throughout the crop season had a greater influence on the develop- 
ment and progress of weevil infestation than meteorological factors such as mean daily temper- 
ature or rainfall. ‘Yo make population assays by insect net sweeps would be difficult for an_ 
Ontario grower, moreover, he would require some previous knowledge as to fluctuations in, and 
manner of, population increase in the alsike. Western growers who specialize in legume seed 
preduction, however, have insect nets as part of their usual equipment. Heming (1952) stated 
that the first insecticide application should be administered “when from 10 to 15 alsike heads 
in every square yard show some brown, basal florets”. This, too, might be difficult for the 
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average grower to determine. The stage in development of numerous herbaceous and woody 
plants was observed in the hope of detecting some correlation with weevil movement, but with- 
out success. It, was realized, too, that these plants would not necessarily be present on all south- 
Western Ontario farms. 


In 1951, the honeybee, Apis mellifera L., was observed at the Keith farm to be working the 
alsike the day after weevil movement began. In 1953, bees began to work the alsike two days 
after the weevils began to increase in the field. On the basis of these observations, and sinte 
honeybees are recognized by most farmers, the presence of foraging honeybees in alsike could 
be used as an index to determine accurately the proper time for an application of an insecticide. 
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ALFALFA POLLINATION IN SOUTHERN ONTARIO’ 


. D. H. PENGELLY 
Department of Entomology and Zoology, Ontario Agricultural College, Guelph. 


In the older established alfalfa seed-growing areas of North America, seed production has 
declined over the past three or four decades. In Haldimand, Peel and Halton counties — once 
the high seed-producing areas of Ontario — present seed yields are only a fraction of those 


1Part of the programme of the Legume Research Committee in Ontario. 
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obtained during the period 1900 to 1930. At one time, alfalfa was believed to be self-fertile 
but later it was recognized that tripping and cross-pollination were essential for seed production. 
Various agencies are known to be capable of tripping the alfalfa blossoms but of these the 
most important are the insects that visit the flowers for pollen. : 


A substantial part of the decline in seed-yields may have resulted from a reduction in the 
number of pollinating insects. The species of insects responsible for pollinating seed-crops have 
been determined in many of the alfalfa seed-producing areas of the world. In southern Ontario 
however, they have received little attention. Sladen (1918) discussed the importance of the 


bumblebees, leaf-cutting bees and honeybees in the Ottawa area. Englebert (1932) recorded two — 


species of halictids and two species of andrenids from alfalfa at Guelph. This investigation was 
undertaken to provide information on the species and abundance of the insect pollinators of 
alfalfa, their ecology and relation to seed production in southern Ontario. 


HISTORICAL 


The importance of insects in the pollination of flowers was first recognized by the German 
biologist K6lreuter in 1761 (Plath, 1925). Since that time much has been written on the relation- 
ship of flowers and insects. The interesting and compiex flowers of the leguminous plants have 
held the interest of many workers since the beginning. DeCandolle (1832) believed that the 
exploding or tripping of alfalfa occurred of its own accord when a certain stage of maturity 
was reached. Henslow (1867) observed the honeybee to visit the alfalfa for nectar only. Muller 
(1873) however, was the first to produce an extensive work on alfalfa; in it the tripping me- 
chanism was described. | 


Research on seed-setting in alfalfa was started in the early 1900’s on a small scale and in the 
1940’s investigations were at an all time high.In Australia, Scandinavia, Russia, and North 
America workers searched for the causes of the seed production problem in their own areas. 


In 1908, Roberts and Freeman of Kansas showed that there was great variation within the 
plants themselves in their ability to set seed. In the same year Westgate concluded that alfalfa 
set seed in paying quantities only when there was a low moisture supply. The importance of 
the weather and climate has been discussed also by Willis and Bopp (1910), Aicher (1917), 
Alter (1920), and Englebert (1932) and others. 


Carlson and Stewart (1921) showed that heavy applications of manure were detrimental to 
seed production and Whornham (1936) was unable to obtain any increase in seed yields by means 
of fertilizers. 


The importance of injurious insects as a factor in seed-setting has been investigated by 
Seamans (1926), Carlson (1940), and others. Damage produced by insecticides and farm practices 
have been discussed by Tysdal (1940), Hambleton (1944), Peck and Bolton (1946) and Lindsley 
and MacSwain (1947a). 


A few workers contended that tripping, or at least insect visitation, was not essential for seed 
setting in alfalfa. Such were the findings of Willis and Bopp (1910), Piper eé al (1914), Blinn 
(1920), Coffman (1922), and Hay (1925). 


The use of honeybees in alfalfa seed production was recommended by Hambleton (1944) and 
his claims were supported by Carlson, Sorenson, and Bohart (1950) as well as by workers in 
other parts of the world. The value of the honeybee in this respect was criticized by Sladen 
(1918), Harrison et al (1945), Peck and Bolton (1946), and Harrison (1948). 


Brand and Westgate (1908), and Westgate (1912) concluded that insect visitation and trip- 
ping were essential in seed-setting. The value of native wild bee populations was recognized by 
many workers, among whom were Sladen (1918), Waldron (1919), Gray (1925), Southworth (1928), 
Lejune and Olson (1940), Tysdal (1940 and 1946), Linsley (1946), Peck and Bolton (1946), 
Vansell and Todd (1946 and 1947), Bohart (1947 and 1951), Linslay and MacSwain (1947), 
Akerberg and Lesins (1949), and Harrison (1951). , 


RAL 
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While the importance of insect visitation and tripping of alfalfa flowers was being studied, 
it was natural that artificial tripping should be attempted with the hope of producing profitable 
seed yields. Carlson and Stewart (1921), Clark and Fryer (1930), and Carlson (1930), as a result 
of small scale tests, concluded that yields were increased by this means. On the other hand Silver- 
sides and Olson (1941), and Pederson and ‘Todd (1948), using large scale tests, reported that the 
results were not beneficial. . : shi 


TECHNIQUES 


Alfalfa fields in Halton, Haldimand, Wellington, Norfolk, Simcoe and Bruce counties were 
studied in 1951. In 1952 fields in these counties and also in Kent, (Lambton, Middlesex, Brant, 
Waterloo, Dufferin, Peel, Perth and Wentworth were visited during the peak of the bloom 
period. Fields that showed little or no tendency to set seed and that were decidedly lacking in 
wild pollinators did not receive further attention. Early in this investigation it was realized that 
bees were the only insects that visited, tripped and pollinated the alfalfa flowers. Leaf-cutting 
bees, bumblebees, some andrenids and halictids were the most consistent pollinators, while 
honeybees were inefficient and unreliable. 


With the first appearance of wild bees in the spring, flowering plants were checked for pollin- 
ating insects. Extensive collections were made on first and second stands of red clover and 
alfalfa, on alsike, sweet clover and on the wild flowering plants, whose bloom period coincided 
with that of the alfalfa. The genus and species of all the wild bees that visited and pollinated 
alfalfa were determined and records made of their flower-visiting habits in the field. Plants that 
competed with alfalfa for bee visitation were studied to determine their influence on the pollin- 
ating insects. Nesting-sites and nesting-habits of the wild bees were studied wherever possible. 
The upper Bruce peninsula was found to have largest concentration of wild bees on alfalfa 
and it was this area that received most of the attention in 1952. 


The bee populations in some alfalfa fields were calculated on the basis of 100 net-sweeps 
with a standard 12 inch net provided with a 3-foot handle. One full net-sweep (through 180 
degrees) was taken every second or third step as one progressed, depending upon the size of the 
field. This method gave a more accurate picture as the bees were not disturbed before each 
sweep and a greater proportion of the field was covered in obtaining the 100 net-sweep sample. 


Square yard counts were taken in some fields by means of a mechanical measuring device which 
had been developed by the Department of Apiculture (Smith and ‘Townsend, 1952). In others, where 
the wild bee population was low, counts were based on 10 square-yard samples. ‘(These measure- 
ments were made by taking 10 long steps and counting the number of bees that passed under 
the 3-foot handle of the net held out horizontally and waist high. The counts from the latter 
method multiplied by 484 gave an approximate population per acre. In fields where there were 
several species of bees visiting the alfalfa, counts were taken of 100 to 200 bees and the number 
of each species recorded. Data obtained in this way were used to calculate the number of each 
species per acre from the figures of acre-counts based on other sampling methods. 


Carlson et al (1950) estimated that 1 pollen collecting bee per 10 square yards, in a period 
of three weeks, was sufficient to produce 400 pounds of alfalfa seed per acre, under Utah condi- 
tions During the present study these data were used to to estimate the seed-producing capacity 
of the alfalfa fields in southern Ontario. | 


WILD BEES AND THEIR FOOD SUPPLY 


‘Under natural conditions, in the less extensively farmed areas of Ontario there are, at times, 
fairly large acreages of wild flowering plants. The gradual build-up of blossoming reaches its 
peak during the last two weeks of June and then declines until fall when goldenrod is practically 
all that remains. Extensive cultivation has reduced the amount of native bloom so that road- 
sides and pastures are the principal areas where large communities of the early bloom may be 
found. The most important of the early blooming plants is the dandelion (Taraxacum spp.). 
Since the flowering trees are in bloom for such a short time and most legumes and flowering 
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weeds, — e.g. blueweed (Echium vulgare L.), thistle (Cirsium spp.), chicory (Cichorium intybus 
L.), cinquefoil (Potentilla recta (L.)), St. John’s-wort (Hypericum perforatum L.) and others 
are not in bloom until the middle of June or later, most bees are dependent upon dandelion for 
early forage. The destruction of this vital food supply by weed-killing chemicals and the severe 
competition from large numbers of honeybees may have serious effects upon the wild bee popu- 
lations in some areas. 


In Ontario since 1888, the acreage of red clover and alfalfa has increased from 2% to almost 
4 million acres. Most of the first-cut alfalfa and red clover is used for hay, the second-cut in 
some cases being left for seed. The effects of cutting most of Ontario’s 4 million acres of legum- 
inous crops at the time when bumblebee colonies are beginning their rapid build-up and many 
of the solitary bees are starting to build their nests, must be considered. Colony development 
and nest-building would be retarded and the bees that were dependent upon the legumes for 
pollen and nectar must turn to wild flowering plants. \Since few areas of the Province are with- 
out a high honeybee population, the cutting of large tracts of legumes will result in an over- 
crowding of the wild flowers to a point where the wild bees will be seriously affected. he 
position of the honeybee was well stated by Pearson (1933) ...“so efficient is it as a collector 
of pollen and honey and so ubiquitous has it become that there can be no question but what its 
inroads cause a serious diminution of the food supply of native bees, particularly in bad seasons”. 


Salt (1940) recommended that alfalfa, white Dutch and sweet clover hay crops, be cut early 
if their bloom-period is coincident with that of the alfalfa seed crop. Such a procedure would 
limit the acreage in bloom at any one time and tend to keep the available population from 
spreading too thinly over the crop to be pollinated. 


BEES OF ‘THE GENUS BOMBUS 


Bumblebees are among the largest and most conspicuous of all bees. In Ontario, 19 species 
and varieties have been recorded and 15 of these were taken by the writer during 1951-52. 


The time of emergence in the spring varies somewhat with the species as well as with the 
individual. Some time after emerging the queens begin the task of finding suitable nesting sites 
which, according to Plath (1934), may take as long as six weeks. Queens have been observed 
nest-hunting during the first week of August in Ontario. The nest of one species was taken 
on October 9, at which time there was still considerable brood present. 


According to Sladen (1912) and Plath (1934) the first workers appear about 22 days after 
the nest is established. ‘The early supply of pollen and nectar required by the queen herself 
and by the developing larvae, is generally provided by dandelion, fruit trees, hawthorn (Crataegus 
spp.) and other early flowering plants. Usually the clovers and alfalfa are in bloom by the time 
the first workers appear. With their appearance the queen normally does not leave the nest 
again and when, the second brood appears, food requirements increase rapidly. 


A food-chain may be a vital factor in the establishment of bumblebee colonies in any one 
area. During the week of June 3-9, 1951, large numbers of queen bumblebees (Bombus vagans), 
were seen on the hawthorn shrubs bordering an alfalfa field at Arkell. No workers of this species 
were observed on alfalfa or the other flowering plants in the immediate area during the re- 
mainder of the summer. ‘The food supply evidently diminished before nests could be established 
and the queens were forced to move to other areas. 


Foraging Habits 


During the blooming periods of both first and second alfalfa stands, bumblebees showed 
a preference for other wild and cultivated plants. Where alfalfa and red clover were mixed or 
where the ficlds were side by side, the alfalfa received little or no attention. Under normal 
conditions each individual bumblebee can spend the entire day gathering pollen and nectar 
whereas each solitary bee spends considerable time locating and preparing the nest for provisions. 
The population of bumblebees builds up gradually to a peak that may coincide with the bloom- 


SOCIETY OF ONTARIO 105 


period of some leguminous crops. The number of solitary bees present during the year, in most 
cases, is entirely dependent upon the number that over-wintered successfully in the cells pro- 


visioned the previous season. 


Bumblebees are active for longer periods each day and are less affected by temperature 
changes than are other bees. ‘They were observed to be active on red clover when the temperature 
was 50 degrees F. at 8:30 a.m. Various species of Bombus have been observed to visit flowers 
after the sun had set. It is known that workers frequently remain in the field overnight (Rau, 
1924) and in the Guelph area individuals of B. fervidus and B. americanorum were observed 
in an inactive state on blueweed and thistle plants. after sunset. 


Bumblebees are known to visit and pollinate the alfalfa flowers. “The numbers of species and 
individuals found on the crop in the more extensively farmed areas of Ontario, however, were 
extremely variable and in most cases too low to produce profitable seed yields. 


Alfalfa fields on the Bruce peninsula were investigated first on September 4, 1951. At this 
time the bumblebee population was as high as 1200 per acre. The same fields in 1952 had 
a population of about 1600 per acre. ; 


Biological Observations 


The habits of one species of bumblebee may vary considerably from those of another. The 
time of emergence in the spring, preferred nesting-sites, size of colony, foraging habits and 
enemies are factors to be considered in estimating the value of each species in alfalfa pollination. 
The flower-visiting rate and tripping efficiency of each species are given in able I. 


B. americanorum Fab. appears about the middle of May in southern Ontario. Plath (1927) 
stated that this species was most common in the Middle West but rare in New England. In 
southern Ontario it was among the more common bumblebees in 1951-52. Four nests were found: 
two at ground level, one in a hollow root of a stump fence and the other in the second story of 


a farm building. All colonies were vigorous but they did not appear to be particularly large. 


Graenicher (1935) reported the males of this species to be among the earliest to appear, com- 
monly in the first week of August. In the nests under observation at Guelph, males appeared 
during the first week of September and near Jarvis, they were seen flying around a nest on 
September 24. 


This species was observed in small numbers in alfalfa fields at Guelph and further south. 
Red clover was a preferred plant but blueweed, sweet clover, sow thistle (Sonchus arvensis L.) 
and bull thistle were also attractive. 


The bee, Psithyrus variabilis, reported to be a parasite of B. americanorum, is not known to 
occur in Ontario. ‘ 


B. affinis Cress. according to Plath (1922), nests only below the ground and in 1934 he re- 
ported that they preferred the nests of chipmunks. Queens of this species appeared early in 
May in the Guelph area. B. affinis is considered to be short-tongued when compared with other 
species and is reported to have the habit of bitinjg holes at the base of the larger, deeper flowers 
in order to obtain nectar. This habit was not observed during the present study. 


In most fields B. affinis was not very abundant. On the Bruce peninsula they numbered 38-40 
per acre in 1951 but in 1952 they were rarely found. ‘They were most abundant on red clover 
but were also found on thistles, blueweed and sweet clover. 


Plath (1934) reported that Psithyrus ashtoni was a serious pest of this species. 


B. auricomis Robt. nests both above and below ground, according to Plath (1934). In 
Ontario this species is rare and only one specimen was observed on alfalfa. Flower-visiting and 
tripping rates were not recorded. 
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B. bimaculatus Cress. was reported by Franklin (1912) and Plath (1934) to nest at and below 
ground level. According to the latter investigator, queens appear very early and colonies “break 
up” in August. A few specimens were observed on spreading dogbane (Apocynum androsaemi- 
folium L.), common comfrey (Symphytum officinale L.) and wild bergamot (Monarda fistulosa 
L.) but not on leguminous crops. . 


B. borealis Kby. is thought to nest below the ground. One nest of this species was found 
under a small pile of rocks at ground level. On the Bruce peninsula, the number of workers 
in alfalfa varied from 125 to 250 per acre. Some workers visited as many as 39 florets per minute 
but tripped only a few of these, thus accounting for the lower tripping efficiency of this species 
(Table I). 


Red clover is preferred by this bumblebee and in the Guelph area the males were as 
numerous as the females in some of the red clover fields observed. 

B. fervidus Fab. is by far the most common bumblebee in the more southerly areas of the 
Province. Many nests of this species were found by Putnam (1865), Franklin (1912), and Plath 
(1922). The numbers of individuals in alfalfa fields in southern Ontario were rather low. On 
the Bruce peninsula their numbers reached 600 per acre in 1952. Near Cayuga, a nest of this 
species was located within an alfalfa field but workers were not observed to visit the flowers. 
The nest was visited several times during the bloom-period and most of the workers returned 
to it from the direction of a red clover field about a mile to the north. 


No species of Psithyrus has ever been found established in a nest of B. fervidus. This is 
attributed to the “daubing” habit described by Plath (1922). 


TABLE I.—Flower-visiting rate and tripping efficiency of bumblebees on alfalfa in southern 


Ontario. 

Tripping 

Species Flower-visits efficiency in 

per minute per cent 
B. americanorum 16—20 80 
B. affinis 16—21 55 
B. auricomis - = 
B. bimaculatus — . = 
B. borealis 19—39 35 
B. fervidus 14—28 73 
B. fervidus var. dorsalis = = 
B. griseocollis 1932 50 
B. impatiens 16—22 70 
B. perplexus = = 
B. rufocinctus a = 
B. ternarius 20—24 56 
B. terricola . 18—21]1 60 
B. vagans vagans (3 eG 49 


B. fervidus var dorsalis Cress. is similar in its field habits to B. fervidus. A few workers and 
one queen were taken on red clover in the Guelph area. One nest of B. fervidus taken in 1951 
contained four workers which lacked the black interalar band that distinguishes B. fervidus from 
this varietal form. In the western United States this variety has been reported by Vansell and 
Todd (1946) to be an efficient pollinator of alfalfa. 


B. griseocollis DeGeer is a surface nesting species, according to Plath (1927 and 1934). This 
species was uncommon in most parts of the Province. Alfalfa fields on the Bruce peninsula had 


+ 
* 
2 
* 


SOCIETY OF ONTARIO 107 


—: 


25—40 per acre in 1951 and 1952. Males and nectar-gathering workers visited as many as 32 
blossoms per minute but without tripping. Males and workers were most commonly found on 
red clover and many of the wild flowers were attractive food sources. 


B. impatiens Cress. is reported by Plath (1922 and 1934) to build its nest below the surface 
of the ground. He described one very large colony in which there were about 1000 individuals. 
Workers of this species were found in nearly all of the alfalfa fields visited but always in small 
numbers. 


B. perplexus Cress. was reported nesting between the walls of a building by Franklin (1912) 
and below the surface of the ground by Plath (1922). The latter worker in 1934 reported that 
the colonies broke up early in the year and that individuals were rarely found after August 19. 
In Ontario, males have been taken on August 14 and queens as late as September 5. Only two 
specimens were taken from alfalfa but the species may be more abundant than it appeared 
because of the difficulty in the field of distinguishing the workers from those of B. vagans. 


B. rufocinctus Cress. was reported nesting between the walls of a house by Plath (1934). Two 
nests of this species were taken during the present study. One, in the ceiling of an old building, 
the other in an old mouse’s nest under a flat rock. ‘The species was not commonly in southern 
Ontario and workers were never observed to visit alfalfa flowers. 


Peck and Bolton (1946) reported this species to be a pollinator of alfalfa in northern Sas- 
Katchewan. In Utah, it has been reported from alfalfa by Vansell and Todd (1946). 


B. ternarius Say was taken by Putnam (1865), and Plath (1922) located a nest in the ground 
among some trees near a red clover field. The two nests of this species found by the writer 
were in the soil. One had its tunnel entrance in a patch of bare ground near a small maple 
erove. The other was in a grass-covered, rocky slope at the edge of a large grove of trees. On 
the Bruce peninsula, workers were active pollinators of alfalfa. Field samples in the area 
indicated a population of 56—1I27 per acre. At the edge of one field a worker visited flowers of 
alfalfa, red clover, alsike, wild carrot (Daucus carota L.), goldenrod (Solidago spp.), and one 
other plant, all in a period of 10 minutes. 


B. terricola Kby. nests below the ground with a long tunnel extending to the surface (Plath, 
1922). In 1927, he reported that colonies contained less than 50 individuals. One nest located 
by M. V. Smith, Department of Apiculture, Guelph, in the sawdust of an ice house had a tunnel 
about six feet long and contained 74 bees and considerable brood. ‘The total strength of the 
colony was estimated to be at least 120 individuals. Another nest was located, by the writer, 
in a dense grove of trees. ‘The tunnel entrance was among the dry leaves and continued down 
among the rocks in an area where the soil was rather shallow. 


This species, one of the short-tongued bumblebees, obtains nectar from long flowers by 
biting a hole in the base of the corolla tube. Queens were observed to mutilate the flowers of 
common comfrey and workers were seen to bite holes at the base of red clover florests. In general 
this species was not abundant and was rarely seen on alfalfa. On the Bruce peninsula, workers 
numbered from 380-720 per acre in alfalia fields but were never. observed to mutilate the flowers. 


Plath (1922) stated that he had never observed workers of this species after September 1. 
On the Bruce peninsula workers were actively visiting alfalfa during the first two weeks of 
September and males were taken at Guelph on September 17. 


B. vagans vagans Sm. nests both above and below the ground (Plath, 1934). The two nests 
located by the writer in 1951-52, were above ground. Workers were common in most parts 
of the Province but were not taken on alfalfa except on the Bruce peninsula where in 1952 
their numbers varied from 50—150 per acre. Most of the flowering plants were attractive pollen 
and nectar source for this species but red clover and thistle were the most common source of 
food. 
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BEES OF THE GENUS MEGACHILE 


The cells of the nests of this group of solitary bees are constructed of bits of leaves in 
tunnels in soil, wood or pithy stems. Each cell is partially filled with pollen and nectar before 


an egg is laid and the cell closed. The larvae spin their cocoons in the. autumn and adults — 


emerge the following spring. Fabre (1915) stated that each cell consisted: of about 45 leaf-pieces. 
A cell of M. latimanus examined by Mitchell (1936) consisted of 34 pieces. 


A variety of plants have been reported as sources for nest-building material. Some of those 
mentioned in the literature are: peas and ash-leaved maple (Guignard, 1887); lilac (Friese, 
1923); rose leaves and petals, and seedling oak (Mitchell, 1936); and strawberry leaves (Stevens, 
1949). The sources of nest-building material received some attention during the present study. 
These are listed as a group below and the host plant preferences of the several Megachile species 
are discussed elsewhere: 

Corylus cornuta Marsh. (Beaked hazel). 

Polygonium scandens L. (Climbing false-buckwheat) 

Chenopodium album ‘L. (Lamb’s-quarters) : 

Prunus americana Marsh. (Wild plum) 

Prunus sp. (Wild cherry) 

Acer nigrum Michx. (Sugar maple) 

Tilia americana L. (Basswood) 

Viola tricolor L. (Pansy) 

Epilobium angustifolium L. (Fiveweed) 

Apocynum androsaemifolium L. (Spreading dogbane) 

Gaillardia sp. (Blanket-flower) 

Rosa sp. (Wild. rose). 


In the woods surrounding alfalfa fields on the Bruce peninsula the sugar maple was the 
most common source of leaf-pieces. It was difficult to find a maple tree that did not show 
evidence of leaf-cutting bee activity. Two young trees, about 15 feet high, were examined near 
one field and some leaves had as many as 18 separate notches cut out by the bees. Leaves on all 


parts of the tree were used and a count of 25 leaves chosen at random showed an average oESs 


2 cuts per leaf. The leaves of older trees were used but seedling and suckers at the base of the 


trees were used to the greatest extent. 


It has been suggested by Peck and Bolton (1946) and others, that the population of leaf- 
cutting bees might be increased by growing suitable plants near the fields as leaf sources. In 
some cases this might serve to reduce the time spent in locating and carrying leaves to nesting- 
sites. A shortage of nest-building material does not appear to be a factor governing the abund- 
ance of leaf-cutting bees in southern Ontario. 


Suitable nesting-sites appear to be of more importance than nest-building material. The 


four most important Megachile in alfalfa pollination on the Bruce peninsula, nest in the soil, 
for the most part. Areas where large numbers of bees were nesting had never been cultivated. 
There was little grass and few other plants. ‘The soil was stoney and small flat rocks, from 5 to 
12 inches in diameter were abundant on the top of the ground. 


Several species of Megachile are known to nest in galleries in wood, hollow stems and other 
sites above the ground. The gradual replacement of stump and rail fences may have accounted 
for some reduction in the numbers of these species. In some parts of the province demonstration 
and farm wood-lots are almost the only “wild” land available for species that nest in wood. 


Dead and dying trees in these lots are usually systematically removed and thus the nests and — 


nesting-sites have been destroyed. 


When alfalfa was first grown on a small scale in northern Saskatchewan, the seed yields 
were heavy. The eagerness of the farmers to grow seed on a large scale had drastic results. 
Land was cleared and alfalfa sown on large acreages and much to the surprise of the growers, 
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yields dropped to a point where they were no longer profitable. Recommendations have been 
made by the Canada Department of Agricuiture in an effort to stablize seed-growing in these 
areas. Long, narrow fields of a limited size (5-10 acres) with wild, undisturbed land on both 
sides now are producing seed consistently. 


Foraging Habits 

The leaf-cutting bees are solitary in habit. Each cell is individually constructed and pro- 
visioned with all the pollen and nectar required by the developing larva. Nectar and pollen are 
seldom gathered separately by the Megachile as they are by honeybees and some bumblebees. 


In general, the population of leaf-cutting bees in southern Ontario is very low. A 30-acre 
field of second-cut alfalfa near Georgetown was visited on five occasions in 1951 and twice during 
the first bloom-period in 1952. Megachile were not found in this field. Four fields in 
Haldimand county were visited in 1951, once during the first bloom-period and twice during 
the second bloom-period. The only Megachile observed were on sow thistle, burdock and 
elecampane in nearby fields. The alfalfa fields in Halton county were much the same. Welling- 
ion country fields had a low popuiation in some areas but this was insufficient for profitable 
seed yields. 


On the Bruce peninsula two fields of alfalfa in late bloom were sampled for bee populations 
during the first week of September, 1951. ‘Thirteen bumblebees and 5 leaf-cutting bees were 
recorded from 50 square yards in one field:and 25 bumblebees and 2 leaf-cutting bees from 90 
square yards in another. Calculations indicated the leaf-cutting bee populations to be 485 and 
108 bees per acre, respectively. The latter field was studied again in 1952. Square yard samples 
taken on August 3 indicated about 2000 bees per acre, of which 17 per cent or 340 were 
Megachile. 


In Simcoe county two ficids of first-cut alfalfa were visited in 1952. A small field near 
Creemore had an excellent leaf-cutting bee population. Nine Megachile and six honeybees were 
recorded from fifty square-yard samples. ‘This represented a population of about 870 Megachile 
and 580 honeybees per acre. Bumblebees and leaf-cutting bees were abundant in an alfalfa field 
at Camp Borden but square yard samples were not taken. 


Megachile are most active on sunny days during a relatively short period of time, This period 
is normally from about the middle of June until the end of August. Most of the species have 
been reported from a wide variety of flowering plants (Mitchell, 1936). On the Bruce peninsula 
in 1952, most dandelions had disappeared before the time of Megachile emergence. Volunteer 
white Dutch clover, alsike, ‘St. John’s-wort and cinquefoil were the principal plants visited by 
this genus before alfalfa came into bloom. Mitchell (1936) reported that M. latimanus and 
M. inermis had been observed on dandelion. Under some conditions this plant may play an 
important role in providing food during early critical feeding periods. 


During the peak of alfalfa bloom on the Bruce peninsula, the Megachile were rarely observed 
on the relatively few wild flowering plants present. In 1951, late-cut aifalfa was in bloom until 
after September 5. Under such conditions the bees were assured of continuous bloom and a food 
source until both the plants and the bees were destroyed by early frosts. 


Biological Observations 

The species of Megachile vary considerably in the time of emergence, nesting-sites, nest- 
building materials, and pollen and nectar sources. ‘These factors must be considered in evaluating 
them as pollinators of alfalfa. The flower-visiting rates and the tripping efficiency of each species 
are given in ‘Table II. 


Megachile (Litomegachile) brevis Say is one of the smallest and one of the most widely 
distributed of the leaf-cutting bees, occurring throughout the United States and the more 
southerly parts of Canada. It appears about the middle of June in southern Ontario and persists 
until autumn frosts. “he flower-visiting records of this bee are numerous and there are apparent- 
ly few flowers which are unattractive to it. 
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Observation of the various authors on the nests of M. brevis are given by Mitchell (1934). 
Nests have been reported in rolled-up leaves of a plum tree, in the stem of sumac, in a railroad 
tie, and in the soil. The only nests found in 1951-52 were in the soil under flat stones or under 
the basal leaves of small plants. Most of the nests consisted of a single ceil and those under 
leaves of small plants had the anterior end exposed at the surface of the soil. This species 
utilizes a wide range of plants as sources of nest-building material. Among those observed were 
wild plum, beaked hazel, sugar maple, spreading dogbane, pansy and blanket-flower. 


On the Bruce peninsula in the area under observation, alfalfa was the major source of pollen 
and nectar for this species. A few females were taken on musk-mallow (Malva moschata L.), 
sweet clover, cinquefoil and St. John’s-wort before alfalfa reached full bloom. Their numbers 
ranged from 48—80 per acre on the peninsula to zero or only the occasional specimen in other 
parts of the Province visited. 


“Parasitic” bees of the genus Coelioxys are closely related to the Megachile and C. 8-dentata 
Say has been recorded from the nests of M. brevis. 


Megachile (Litomegachile) texana Cress. has a distribution pattern similar to that of 
M. brevis. Flight periods, flower-visiting habits and local distribution were also similar to the ~ 
forementioned species. 


Nests taken in 1951-52 were in the soil in the same area where M. brevis was found. Females 
of M. texana were observed cutting leaves from beaked: hazel, sugar maple, basswood and spread- 
ing dogbane. 


Square yard samples taken in an alfalfa field on the Bruce peninsula indicated an average 
population of 132 per acre. This species was also common in the Camp Borden area. 


TABLE I].—Flower-visiting rate and tripping efficiency of the Megachile in southern Ontario. 


Tripping 


Species Flowers visited efficiency in 
per minute per cent 
M. brevis 16—20 © 99—100 
M. texana ee 100 
M. centuncularis 26—28 99—100 
M. inermis 16—22 95 
M. relativa a _ 
M. frigida frigida 20—26 100 
M. melanophaea melanophaea 13—16 100 
M. latimanus 19—28 99—100 


M. pugnata pugnata aes nae 


Megachile (Megachile) centuncularis (Linn.) is reported to be Holarctic and in North America 
its range extends from coast to coast but it is typically more northern in distribution. Nests 
were taken from the soil and from mud cells on the rafters of a house by Gentry in 1874 
(Mitchell, 1934). | 


In 1951, a single female was found on sow thistle at Guelph. In 1952, a few specimens were 
observed on alfalfa at Cayuga. ; 


Megachile (Megachile) inermis Prov. occurs throughout North America except in the south- 
eastern States. Sladen (1919) found a nest of this species in rotting apple wood, and specimens 
were reared from logs by Peck and Bolton (1946). The latter workers reported the species to be 
a slow tripper of alfalfa as compared with other leaf-cutting bees in northern Saskatchewan. 
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Near Creemore, specimens observed on alfalfa, visited 16—22 florets per minute while two other 
species in the same field visited from 19—22 florets per minute. Nests of this species were not 
found during the present study but a single specimen was observed to cut leaves from fireweed. 
In general, M. inermis was relatively common in most parts of Ontario visited but it was seldom 
found on alfalfa. 


Megachile (Megachile) relativa Cress. has been recorded from North Carolina to California 
and northward throughout southern Canada. It was reported by Peck and Bolton (1946) to be 
a fast and efficient tripper of alfalfa but that observations were difficult since it was easily 
frightened in the field. 


Hicks (1926) reared specimens from cells taken from a tunnel in a bank. Mitchell (1936) 
suggested that it may also nest in logs. A very few specimens were taken during the present 
study but none were observed on alfalfa. 


Megachile (Delomegachile) frigida frigida ‘Sm. is found throughout Canada, Alaska, and the 
northern portions of the United ‘States. In Ontario the species was most common in Bruce and 
Simcoe counties but it was found also in some of the more southern counties. It is an, active 
and efficient tripper of alfalfa. Peck and Bolton (1946) considered this species to be the most 
abundant of the wild pollinators in northern ‘Saskatchewan. 


M. frigida was observed nesting in the soil arid in decaying wood during the present study. 
One piece of wood, about 3 inches in diameter and 2 feet long, contained 26 cells. The nests 
in the soil were under stones and under the basal leaves of small plants. These consisted of 
a single cell each or occasionally two cells. 


Females were observed to cut leaves of young basswood and sugar maple trees. 


Megachile (Delomegachile) melanophaea melanophaea Sm. is widely distributed throughout 
North America. In Ontario they were not found in the more southerly counties. Specimens first 
were seen in 1952 on alsike near Atwood. On the Bruce peninsula this species was very common 
and it was seen on. flowers of alfalfa, red clover, sweet clover, St. John’s-wort and cinquefoil. 


Females were observed to cut leaf-pieces from wild cherry and sugar maple. They were most 
active during the latter part of June and the first three weeks of July. Specimens were rarely 
seen after the first week of August. 


Coelioxys rufitarsus is recorded as a parasite of the species. 


Megachile (Xanthosarus) latimenus Say is found east of the Rockies in Canada and in the 
more northerly regions of the United States. Sladen (1918) observed M. perihirta, a closely 
related species, nesting gregariously in a new and bare gravel railway embankment in northern 
Ontario. Mitchell (1936) reported M. latimanus nesting in the soil, and a small seedling oak 


was the probable leaf source. One specimen was found nesting in bare, gravelly soil at Guelph 
in 1952. 


This species is the most common of the Megachile in southern Ontario. Most alfalfa fields 
had a few of these active pollinators. Femaies were observed to cut leaf-pieces. from climbing 
false buckwheat and sugar maple. 


Megachile (Sayapis) pugnata pugnata Say is widely distributed throughout the United States 
and southern Canada. The species was found only occasionally in southern Ontario and here 
as elsewhere, alfalfa did not serve as a food plant. 


BEES OF THE GENUS ANDRENA 


These solitary bees are among the more common. of all bees in southern Ontario but only 
euc species A. wilkella (Kby.) was associated with alfalfa in the period of this study. Specimens 
were observed on first-stand alfalfa at Guelph in 1951. Flower-visiting rates are shown in 
Table IIL. 
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In 1952 a first-cut alfalfa field near London and another at Listowel, were studied and each | 


had a population of | bee per 12—15 square yards. In some parts of the Province this species — 


may be of major importance in pollinating first-stand alfalfa, as its activity period is from the 
middle of May until about the end of July. 


BEES OF THE GENUS ANTHOPHORA 


Anthophora (Clistodon) furcata terminalis Cress. was reported as an important pollinator 
of alfalfa in the Ottawa area by Sladen (1918). Peck and Bolton (1946) stated that it was 
a common visitor to alfalfa in Saskatchewan but was not an efficient tripper. The species was 
abundant in areas of Dufferin and Bruce counties in Ontario and was often found in alfalfa 
fields (Table III). 


Nests were found only in wood that had undergone considerable decomposition and was 
relatively soft. Intensive farming practices in the more southerly counties could well cause 
a serious diminuticn in the population of this bee. The removal of old stump and rail fences 
and the dead trees from wood lots has destroyed, the nesting sites of the bee in many areas. 


it 
£ 


TABLE III.—Flower-visiting rate and tripping efficiency of Andrena, Anthophora and the family a 


Halictidae on aifalfa in southern Ontario. 


: Tripping 
Family Species Flower visits efficiency in 
per minute per cent 
Andrenidae Andrena wilkella 11—18 40—60 
Apidae Anthophora furcata 14—17 30 
Halictidae Lasioglossum athabascense i123 [25 
L. stultum 3—8 Occasional blossoms 
Augochlora pura 3—9 s ee 


BEES OF THE FAMILY HALICTIDAE 


This family of bees is well represented in southern Ontario and many species are commonly 
found on red and sweet clover. A few species were present in most alfalfa fields visited. Some of 
these were of value as tripping agents while others visited tripped blossoms only. 


Lasioglossum athabascense (Sandh.) was observed in the alfalfa fields on the Bruce peninsula. 
Its flower-visiting rates are given in Table III. ‘This species was also observed to visit tripped 
blossoms. Augochlora pura (Say), Augeochlora striata (Prov.), and Lasioglossum stultum (Cress.) 
were abundant in many alfalfa fields but visited tripped blossoms only. Englebert (1932) 
collected Lasioglossum albipenne (Robt.) from alfalfa and reported Halictus provancheri (= con- 
fusus Sm.) as tripping alfalfa. 


It is evident, at least for the species mentioned, that the halictine bees will not contribute 
greatly to the tripping of alfalfa florets. Their principal contribution is probably the pollina- 
tion of many of the flowers tripped by other agencies. 


THE EFECTS.OF WIND, RAIN AND ARTIFICIAL TRIPPING ON SEED PRODUCTION: 


Heavy rains and strong winds appeared to contribute little to the tripping of alfalfa in 


southern Ontario, during the present study. ‘ysdal (1946) reported that in some fields, rain 
caused about 7 per cent tripping but considered it detrimental since cross-pollination was 
effected. In such instances the small halictine bees would contribute greatly to seed production 
by visiting and cross-pollinating blossoms tripped in this manner: 
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Artificial tripping has received considerable attention from Carlson (1930), and others. The 
alfalfa blossoms were effectively tripped (50—40 per cent) in one field, near Georgetown, in 1951, 
by dragging a large rope over the plants. The negative results were the same as those reported 
by Leyune and Olson (1940), and Silversides and Olson (1941) in Manitoba. Large scale tripping 
by artificial means is not recommended asa means of prodticing seed. 


DISCUSSION 


There are probably over 200 species of bees in Ontario. ‘he majority are of importance to 
wild plants but a considerable number have much value in the pollination of cultivated crops. 
Bohart (1952) stated that over 100 species of bees have been reported as visitors to alfalfa 
flowers. At least 30 species were found visiting alfatfa in southern Ontario. Several species of 
bees recorded from alfalfa in other areas of America were found to be present in Ontario but 
were not observed on alfalfa during the present survey. Among these were Agupostemon spp., 
Hylaeus spp., Calliopsis andreniformis, B. rufocintus, and M. relativa. 


Among the bees, social life is the exception rather than the rule, with bumblebees and honey- 
bees being the only social forms in the Nearctic region. The nesting habits of bumblebees are 
quite well known and, in general, well-protected cavities above or below the ground are selected. 
Many of the nests observed during this study were in old mouse nests. Most species of bumble- 
bees in Ontario are of some importance in alialfa pollination. The species and number of 
individuals will vary from one district to another but where there is limited competitive bloom 
as well as a limited acreage oi aifalfa for seed, they will be responsible for much of the polli- 
nation. 


The great majority of the bees in Ontario are solitary and nest in the soil or in wood. Among 
these are the Megachile, which are considered to be the principal pollinators of alfalfa seed crops 
in Canada (Bohart, 1952). They were certainly the most efficient pollinators of alfalfa in Ontario 
during 1951-52. With few exceptions, however, in the fields under observation the leaf-cutting 
bees were not sufficiently abundant to set profitable seed yields. They were most numerous in 
parts of Bruce, Grey and Simcoe counties where there is much land that has never, been cultiv- 
ated. Here the wild bees have not been disturbed and alfalfa probably produces seed more 
consistently than elsewhere in southern Ontario. 


In the London and Listowel areas, several fields of aifalfa had profitable seed-sets in 1952. 
Observations were not made until close to the end of the bloom-period. Field samples at this 
time indicated a population of Andrena wilkella of 1 bee per per 12—15 square yards. Using 
the Carlson et al standard it is evident that this andrenid was present in sufficient numbers 
to produce worth-while seed yields. 


Automatic tripping is said to occur during hot, dry weather. If such is the case cross- 
pollination might be accomplished through the activity of several species of small halictids that 
visit tripped blossoms only. 


Alfalfa is visited by many kinds of bees but only the pollen-gatherers deliberately trip the 
blossoms. In most parts of Ontario studied, the number of wild bees was insufficient to pollinate 
the acreages of alfalfa devoted to seed production. In areas such as Haldimand county, legumes 
are grown principally for green or cured forage. The majority of land is under cultivation or 
pasture and the amount of wild land represents a small percentage of the total acreage. In the 
areas further north in Bruce, Grey, and Simcoe counties, there is considerably more wild land 
and, as one might expect, a much greater wild bee population. 


In the alfalfa fields surveyed on the Bruce peninsula there were no honeybees. It was possible 

to observe as many as 17 species of wild bees engaged in pollen-gathering in a single field. During 

the present study the most consistent seed sets were in fields where the wild pollinator popuiation 

was made up of many species. Any one species may have its limitations depending upon the 

- general weather and climatic conditions, parasites, predators, nesting sites, spring and fall food 
sources, etc. 
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In areas of the province that are extensively farmed and where land values are high, it is 
unlikely that legume seed yields will ever be satisfactory under existing conditions. In those 
parts where poor land or unsuitable topography limit the extent of cultivation, the wild bees 
can be conserved and probably increased. A continuous supply of pollen and nectar plants 
appears to be one of the most important factors in the stabilization of bee populations. Wild 
bees depend upon daily foraging to maintain their brood or to provision the celis of their nests. 
A limited food supply will cause a reduction in the numbers of young bees in the following 
year. Natural bloom is limited during the summer months and leguminous crops probably 
provide much of the pollen and nectar required by the bees at this time. The simultaneous 
cutting of first- or second-stand leguminous crops in any one area may bring about a serious 
food shortage. 


The merits of honeybees in general pollination are not being overlooked but the effect of 
their foraging activities on the less efficient foragers, should be investigated. Their value in 
alfalfa seed production in Ontario has not been demonstrated. The tripping efficiency of the 
honeybee was reported by the Department of Apiculture as .76 per cent. Pearson (1933) con- 
cluded that they cause a serious diminution in the food supply of native bees. Peck and Bolton 
(1946) expressed the opinion that keeping honeybees on a large scale may be a threat to the 
growing of alfalfa seed. 


CONCLUSIONS 


The information accumulated during 1951-52 indicates that the major portion of alfalfa 
pollination in the areas surveyed is accomplished by wild bees. Since tripping and _ cross- 
pollination are primary factors in seed production, seed growers must be made aware of the 
importance of these bees and of the need for their conservation. Injurious insects, soil and 
other conditions become limiting factors in seed production only when there is an adequate 
population of wild pollinators in the area. : 


Bumblebees are important pollinators of alfalfa in parts of the Province where there are 
limited acreages of leguminous crops and other competitive flowering plants. Intensive and 
extensive farming practices may have reduced the numbers of bumblebees but it is more probable 
that species, which nest in or near wooded areas, have been replaced by those that nest in the 
open or adapt themselves to living in farm buildings. 


Bees of the genera Megachile, Andrena, and Anthophora and of the family Halictidae are 
among the more important solitary bees. Their effectiveness in pollinating alfalfa will depend 
upon weather and competitive pollen and nectar sources. Warm, dry conditions are the most 
favorable for bee activity. 


The Megachile or leaf-cutting bees are the most efficient of the wild pollinators of alfalfa 
and to them the credit should go for most of the alfalfa seed produced in Canada. Their nesting 
habits have made them especially vulnerable to cultivation and changing farm practices. During 
the present survey it was evident that the number of Megachile varied greatly from one area 
to another. The general decline in seed production then may be due to a reduction in the 
numver of solitary bees and to the great increase in the acreage of alfalfa. The high seed- 
producing fields of the first quarter of this century were never studied and one can only guess 
as to the population density of wild bees during that period. 


Megachile, as mentioned previously, are the most efficient pollinators of alfalfa and certainly a 
the most variable in numbers in the areas of Ontario surveyed. Biological and ecological in- 
formation on this group of bees is meagre. When we fully understand their habits and know 
their requirements it may be possible to increase their numbers through a modified cultural 


programme. 
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SUMMARY 


The most important pollinators of alfalfa in southern Ontario are the wild bees of the 
genera Bombus, Megachile, and Andrena. Small halictine bees are of value under certain 
conditions and a few of the larger species are of importance in some areas. A continuous supply 
of food plants throughout the growing season is necessary for maximum development of the 
bumblebee colonies and maximum nest-building activities of the solitary forms. “The most 
common early flowering plants in Ontario are the flowering trees and dandelions. The bloom 
period of the trees is short and consequently the dandelions provide the major part of the food 
for the early bees. The Megachile emerge after the middle of June and are dependent on St. 
John’s-wort, cinquefoil and ox-eye daisy. 


Communities of competing pollen sources often grow in close proximity to some alfalfa seed 
fields. he most attractive of these are blueweed, chicory, thistles, sweet clover and red clover. 
The cutting of alfalfa and red clover hay crops when their bloom period coincides with that of 
the seed crop, and the cutting of communities of wild flowering plants at the same time, will 
tend to restrict the available pollinators to the desired crop. The bloom period of alfalfa can 
be timed to coincide with the peak of the pollinator population. This however, will vary with 
the kinds of bees present. An appraisal of the species of wild pollinators in each district is 
necessary before any modifications in cropping practices can be made. 


In general, the populations of wild bees are insufficient to pollinate the acreage of alfalfa 
devoted to seed production. Present farming practices do not favour an increase in bee numbers 
and any attempt to bring this about will be well worth while. The introduction of different 
species of bees from other areas may have possibilities but the re-establishment of native bees 
by means of an intelligent programme offers much more promise. 
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SUMMARY OF IMPORTANT INSECT INFESTATIONS, 
OCCURENCES, AND DAMAGE IN CANADA 
IN 1953° 


C. GRAHAM MAcNaAy? 


Entomology Division, Ottawa, Canada 


This summary of insect conditions was prepared from regional reports submitted by officers 
of the Entomology Division, provincial entomologists, officers of the Plant Protection Division, 
and university professors. In general, common names used are from the 1950 revision of the 
list approved by the American Association of Economic Entomologists. Common names other 
than these are accompanied by technical names. To avoid unnecessary duplication, forest insect 
conditions are not included, this insect group being adequately dealt with in the Annual Report 
of the Forest Insect and Disease Survey, published by the Forest Biology Division, Canada De- 
partment of Agriculture. 


The summary of weather conditions was compiled from reports submitted by officers of the 
Entomology Division, and from seasonal federal and provincial crop reports. The crop pro- 
duction summary was taken from the “November Estimate of Production of Principal Field 
Crops, 1953”, Dominion Bureau of Statistics. Crop data for Newfoundland were not available. 
The figures on honey production were obtained from officers of the Bee Division, Experimental 
Farms Service, Canada Department of Agriculture. 


WEATHER CONDITIONS AS AFFECTING CROPS AND INSECT PESTS 
IN CANADA, 1953 


The winter of 1952-53 was mild throughout Canada, February in particular being a very 
mild month. 


In British Columbia, precipitation was normal to above normal in most coastal and extreme 
southwestern areas, but light in interior regions. The light snow cover in the interior disappeared 
quickly, permitting early seeding but leaving poor reserves of moisture and a threatened shortage 
of irrigation water in some districts. However, the weather during April and June was cool and 
wet, and the light rainfall in May was uniformly distributed and reasonably effective on plant 
growth. As a result of early planting and satisfactory rainfall, growth was good in all crops and 
normal or a little earlier than average. Cereal crops were well above average growth; fodder 
crops were heavy, but poor harvesting conditions during June delayed cutting beyond the time 
of high quality, or caused deterioration and in some cases complete loss. Adverse weather condi- 
tions delayed the development of tomatoes, but freedom from early killing frosts in most areas 
resulted in yields that were above normal. In the Kamloops area, mild weather continued well 
into November. . 


1Contribution No. 3200, Entomology Division, Science Service, Department of Agriculture, Ottawa, 
Canada. 
2E.ditor of The Canadian Insect Pest Review. 
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After the unusually mild winter in Alberta and Saskatchewan, spring seeding was greatly 
retarded by low temperatures, a blizzard and severe frost in mid May, and rainfall much in 
excess of normal. Local flooding caused crop losses in some areas. Hail damage, too, was greater 
than usual. Subnormal temperatures persisted until early August in Alberta, but damaging 
frosts did not occur until late in September, permitting most late-seeded and retarded crops to 
mature. Frequent showers hampered harvest operations for a time in both provinces, but these 
were followed by a lengthy period of ideal harvest weather, and most crops were threshed and 
stored in good condition. Climatic conditions apparently favoured wireworm activity in western 
areas of Saskatchewan, where damage was more severe than usual. In northeastern agricultural 
areas of the Province alfalfa did not bloom until the latter part of July and insect development 
was correspondingly late. Above-normal temperatures during the fail favoured oviposition by 
grasshoppers, and the continuation of damage by the greenbug well into November. 


In Manitoba, precipitation was above average in the Brandon area, but below average in 
southern and eastern districts. In the latter regions seeding was delayed on this account. Strong 
winds caused some soil drifting, especially in the Red ‘River Valley. High temperatures in late 
April and early May stimulated growth, but the heavy snow and frosts, which affected the 
whole prairie area in midMay, froze the leaves of some deciduous trees, including poplar and 
maple. Garden and field crops, however, were not seriously damaged. Very heavy rains in 
southern Manitoba in June caused some flooding, delayed seeding, and resulted in heavy weed 
erowth. The acreage of grain crops was reduced and that of flax increased. Good growing 
conditions continued and fine fall weather permitted the harvesting of excellent crops except 
of durum wheat, yields of which were reduced by rust. Weather conditions caused a further 
reduction in grasshopper populations, and damage by cutworms and other injurious insects was 
of minor importance. Aphids, however, were very injurious to field peas and other vegetation. 


In Ontario, most crops wintered well except in Carleton and Renfrew counties, where 30 per 
cent loss of legumes was reported. Winter-killing of fall wheat averaged 6 per cent and of rye 
3 per cent in the Province as a whole. Unusual infestations of the tobacco hornworm and some 
other insect species in extreme southwestern areas were believed to have been a result of the 
unusually mild winter. Seeding started early in most districts, but cool, wet weather in the latter 
part of April retarded planting and plant growth generally. Except for a short, warm, dry 
period in May, adverse conditions prevailed in most of southern Ontario well into the summer. 
As a result, spring grain was reported to be only 70 per cent seeded in the most southerly areas 
of the Province, 85 per cent in west-central areas, 88 per cent in south-central areas, and 95 per 
cent in the east. Spring seeding was completed in northern districts. Some crop losses resulted 
from excess moisture in low areas and in heavy soils. Pastures generally remained in good 
condition during most of the summer. Hay crops were very good in western and central areas 
and average in eastern and northern districts, but frequent rains interfered with haying oper- 
ations and adversely affected the quality in some districts. Growth of all crops was excellent 
in August, but lack of moisture late in the month and during the first half of September re- 
duced yields of truck crops and fruit. Ideal conditions for harvesting prevailed from August 10 
to September 10 in most areas, and heavy rains in mid September improved pastures and late 
crops. 


Winter and spring conditions in Quebec were comparable to those in Ontario, but lower 
precipitation permitted completion of seeding by May 25 in all areas except the Gaspé and 
Saguenay regions. Dry conditions continued into July, seriously affecting hay, pastures, and early 
vegetables in all areas except the Eastern Townships. Rains during the latter part of July 
improved grain yiei:ds, and pastures, but were too late to help the hay crop. August was compar- 
atively dry and cool, reducing yields of late crops somewhat and adversely affecting pastures. 
Harvest weather was generally favourable and the grain crop was stored in good condition. 


In the St. Lawrence Gulf region, frequent rains reduced the snow cover very early, resulting 
in severe winter-killing of susceptible crops in many areas, especially in New Brunswick and 
Nova Scotia. Heavy rains in Jate May and subnormal temperatures in early June delayed 
seeding in most districts and retarded plant growth. The hay crop was light in New Brunswick 
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and, as a result of cool. wet weather in July, was still being harvested in August in an ovyer- 
mature condition. This weather also adversely affected emergence of root maggot adults and 
oviposition was light. Severe outbreaks of the armyworm and the corn earworm in both New 
Brunswick and Nova Scotia may have resulted, in part, from the mild winter. Weather conditions 
were favourable, too, for the buckthorn aphid, which occurred on potato in outbreak numbers 
in New Brunswick. Growing conditions were good during the summer in Prince Edward Island, 
resulting in excellent crops. In the entire Gulf area the unusually mild winter was suitable to 
the survival of overwintering insect life. and was followed by some unusual infestations. 


Near-record above-average crop yields were made possible by generally favourabie harvesting 
conditions, particularly in the Prairie Provinces, and by the absence of early killing frosts in 
those areas where unusually late seeding left crops susceptable to potential frost damage. 


CROP PRODUCTION SUMMARY FOR CANADA, 1953 


For the third successive year, Canadian farmers harvested unusually large grain, oilseed, and 
fodder crops. Although new production records were set for only one crop, soybeans, five other 
crops — wheat, barley, rye, shelled corn, and rapeseed — were the second largest on record. 
Production figures for 10 of the 20 crops for which estimates are included in this report were 
above the record or near-record levels reached in 1952. Spring wheat, oats for grain, barley, spring 
rye, mixed grains, and flaxseed were among the 10 crops for which reduced returns were 
indicated. 


The November estimate of the production of grain crops in Canada in 1953 was, in bushels, 
2s follows, with the 1952 production in parentheses: wheat, 613,965,000 (687.922,000); oats for 
erain, 405,580,000 (466,805,000); barley, 262,065,000 (291,379,000); rye. 28.149,000 (24,557,000); 
mixed grains, 62,087,000 (63,205,000); shelled corn, 20,854,060 (19.722.000); buckwheat, 3,161,000 
(2,680,000); peas, dry, 1.207.800 (888,500); beans, dry, 1,219,000 (1,292,800); flaxseed, 10,412,000 
(12,961,000); soybeans, 4,406,000 (4,128,000). ; 


Root and fodder crop production with the 1952 figures in parentheses, was estimated as 
follows: potatoes, 66,469,000 (60,071.000) bushels; field roots, 484,000 (495,000) tons; tame hay, 
19,868,000 (19,083,000) tons; fodder corn, 3,546.800 (3.798.200) tons; sugar beets, 898,374 (1,022,693) 
tons. 


Aimost without exception, average yields per acre of spring-sown grains were higher than in 
1952 in Eastern Canada and British Columbia, and below the 1952 recoid or near-record levels 
in the Prairie Provinces. Average yields of fall-sown grains, with the minor exception of fall rye 
in Quebec, were above those of 1952. Record average yields per acre were established for wheat 
in New Brunswick, Quebec, and Ontario; for oats in Prince Edward Island; for fall rye in 
Ontario, Manitoba, and Alberta; for mixed grains in Nova Scotia and Quebec; for buckwheat 
in New Brunswick; for potatoes in British Columbia and Canada as a whole; and for rapeseed in 
Saskatchewan. 

‘ 

WHEAT.— Canada’s 1953 wheat crop, estimated at 614.0 million bushels, was second only to 
the 1952 record of 687.9 million, and 45 per cent above the tén-year (1943-1952) average of 
423.5 million bushels. The 1952 and 1953 wheat crops were not only the only two in excess of 
600 million bushels, but they followed a crop of 562.7 million in 1951. Before 1951, only four 
Canadian wheat crops — those of 1928, 1939, 1940, and 1942 — had exceeded the half-billion 
bushel level and only two of those, in 1928 and 1942, were greater than 550 million bushels. 


The 1953 crop of spring wheat, estimated at 587.8 million bushels, was harvested from a 
seeded area estimated at 24.8 million acres and yielding 23.7 bushels per acre. In 1952 the spring 
wheat crop yielded a record average of 26.3 bushels per acre. Production of winter wheat in 
Ontario, the major producing area for this crop, was estimated at 26.2 million bushels, 
harvested from 732,000 acres averaging a record yield of 35.8 bushels per acre. The estimated 
average wheat yield for the Prairie Provinces was 23.7 bushels per acre, Manitoba averaging 20.8 
bushels per acre; Saskatchewan, 23.3; and Alberta, 25.7. The Saskatchewan crop, estimated at 
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375 million bushels, was second only to the 1952 record of 435 million. Production in Alberta 
was placed at 163 million bushels, 9 million below the 1952 crop. In Manitoba the crop was 
_ estimated at 46 million bushels as against 57 million in 1952. 


! 

OATS\— Production of oats for grain was placed at 405.6 million bushels, down 13 per cent 
from the 1952 crop of 466.8 million, largely as a result of a smaller seeded acreage. The average 
yield, at 41.3 bushels per acre, was less than a bushel below that of 1952. Both average yields 
and production exceeded those of 1952 in all areas except, the Prairie Provinces. However, the 
reduction in these provinces from the 1952 crop of 346 million bushels to 276 million more than 
offset increases elsewhere. 


BARLEY.— The barley crop, estimated at 262.1 million bushels, was second only to the 1952 
record crop of 291.4 million. Average yields per acre exceeded those of 1952 except in the 
Prairie Provinces. Production there was estimated at 25] million bushels, 30 million less than 
the 1952 record, Alberta accounting for 108 million bushels; Saskatchewan, 82 million; and 
Manitoba, 61 million. 


RYE.— The combined production of fall and spring rye was placed at 28.1 million bushels, 
surpassed only by the record 32.4 million bushels harvested in 1922. Production of fall rye, 
estimated at 20.6 million bushels, was some 39 per cent above the 1952 crop of 14.8 million, 
but spring rye, at 7.5 million bushels, was about 23 per cent below the 9.8 million harvested 
in 1952. All but 1.9 million bushels of the rye crop was grown in the Prairie Provinces. 


OILSEEDS.— Excepting flaxseed, production of oilseed crops for which estimates were avail- 
able was above that of 1952. Flaxseed production, estimated at 10.4 million bushels, was down 
from 13.0 million in 1952 as a result of a decrease of 14 per cent in seeded acreage and a drop 
in average yields per acre from 10.7 to 10.1 bushels. ‘The flaxseed crop in the Prairie Provinces 
was placed at 9.8 million bushels, of which Manitoba accounted for 4.5 million. Soybean pro- 
duction, currently confined to Ontario, set a new record of 4.4 million bushels, almost 300,000 
bushels greater than in 1952. 


Rapeseed. production, estimated at 51.5 million pounds, was more than three times as great 
as in 1952, and was second only to the record 85.6 million pounds harvested in 1948. The sharp 
increase was a result of increases in both acreage and average vields. In Saskatchewan, the major 
producting area, the crop was estimated at 48.1 million pounds, an average of 1,300 pounds 
per acre. Manitoba’s outturn was placed at 3.4 miilion pounds,. an estimated 750 pounds per 
acre. Production of sunflower seed in Manitoba, currently the only province growing this crop 
commercially, was estimated at 4.0 million pounds as against 1.9 million in 1952. 


MIXED GRAINS.— Production of mixed grains, grown principally in Eastern Canada, was 
placed at 62.1 million busheis, 1.1 million below that of 1952. Average yields were higher in all 
provinces except Saskatchewan and Alberta and the average for Canada was 43.0 bushels per 
acre as against 40.3 in 1952. The reduction in the seeded area from 1.6 million to 1.4 million 
acres more than offset the effect of increased average yields. 


DRY PEAS AND BEANS.— Production of dry peas was estimated at ‘1,207,800 bushels as 
against 888,500 bushels in 1952, ana the dry bean crop was placed at 1,219,000 bushels, slightly 
below the 1952 yield of 1,292,800 bushels. Acreages seeded to both crops were higher than in 
1952 but average yields were lower. 


SHELLED CORN.— Production of shelled corn, estimated at 20.9 million bushels, was the 
largest since 1908 and 1.1 million greater than in 1952. Excepting an estimated 450,000 bushels 
in Manitoba, all of the crop was produced in Ontario. 


POTATOES.— The potato crop, estimated at 66.5 million bushels, was 6.4 million greater 
than in 1952. Increased acreages in all provinces except Saskatchewan and Alberta, and greater 
average yields in all but these two and Ontario and Prince Edward Island, contributed to the 
over-all increase over 1952. The total average yield, estimated at 207 bushels per acre, was the 
highest on record. 
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SUGAR BEETS.— Production of sugar beets in the four beet-growing provinces was placed 
at 898,000 tons as against 1,023,000 in 1952. Reduced yields occurred in all provinces excepi 


Manitoba, where both acreage and average yield were above those of 1952. In Alberta, the major — 


producing area, the crop was estimated at 422,000 tons, accounting for about 47 per cent of 
the total. 


FORAGE CROPS.— Total production of tame hay (including clover and alfalfa) was estimat- 
ed at 19.9 million tons, compared with 19.1 million in 1952. The heavy hay crop in Ontario, 
estimated at 7.4 million tons and averaging 2.1 tons per acre, was the chief factor in the over-all 


increase, since production in all other provinces except Manitoba and Alberta was below that — 


of 1952. ‘The fodder corn crop was placed at 3.5 million tons, down from 3.8 million in 1952, 
largely a result of lower acreage and yields in Ontario, where the bulk of this crop is grown. 


OTHER CROPS.— Production of buckwheat, grown chiefly in Ontario and Quebec, was 
estimated at 3.2 million bushels as against 2.7 million in 1952. The crop of field roots (turnips, 
mangels, etc.) grown in Eastern Canada for livestock feed was placed at 484,000 tons, compared 
with 495,000 tons in 1952. 


HONEY.— Honey production, according to preliminary estimates, was 26,100,000 pounds 
during 1953 as compared with the ten-year average of 37,249,500 pounds for all of Canada. 
The 30 per cent reduction, on the. average, was largely due to lower production in Ontario. 
The western province had near- or above-average honey crops in 1953. 


GENERAL—FEEDING AND MISCELLANEOUS INSECTS 


BEET WEBWORM.— This insect was very scarce in the Prairie Provinces, damaging popu- 
lations being limited to a few isolated fields in the Cranford and Coaldale areas in Alberta. 


BLISTER BEETLES.— In British Columbia, blister beetles caused very little damage in the 
Okanagan Valley, and at Ashcroft and Kamloops infestations on alfalfa and tomato were less 
general than in 1952. Meloe sp. was unusually abundant in northern Alberta, infesting clematis, 
potato, and aster, and being reported as far north as Fort Norman. No damage was reported 
in Saskatchewan. Larvae of Epicauta subglabra (Fall) and E. fabricii (Lec.) fed on grasshopper 
eges in about the same numbers as in 1952, in the restricted areas of the Red River Valley in 


which grasshoppers were abundant. E. pennsylvanica (Deg.) caused severe local damage to 


potatoes near Doaktown, N.B. 


CRICKETS.— A localized infestation of the coulee cricket was again present in the Vernon, 
B.C., area, but elsewhere throughout Western Canada crickets, in general, were scarce. 


CUTWORMS.— In British Columbia, cutworm damage, in sharp contrast to 1952, was 
negligible in the lower Fraser Valley and on Vancouver Island. In the Okanagan Valley, some 
serious damage to small fruits was reported. In the interior, the black army cutworm occurred 
in outbreak numbers in many areas. ‘Those mainly affected included: St. George east to McBride; 
the Nerth Thomson Valley south to Kamloops, thence east to Salmon Arm and Armstrong; and 
in the east Kootenay at Edgewater, Golden, Fernie, Cranbrook, and Elko. Forage creps suffered 
the greatest damage, but cereals also were attacked. The redbacked cutworm, too, occurred in 
outbreak proportions over much of the interior, but damage to field and truck crops was not 
as extensive as in 1952. 


In northern agricultural areas of Alberta, cutworms caused little damage, although for the 
first time since the outbreak of 1926-31 the bertha armyworm caused local damage of economic 
importance, chiefly to cabbage, in several gardens in the Edmonton area. Damage by the pale 
western cutworm was limited to light, patchy infestations, mainly in the east-central part of the 
Province. The only outbreak requiring control measures was confined to a relatively small heavy- 
soil area in the Acadia Valley. Because of heavy rains in May and June, this cutworm species 
is not expected to be numerous in other areas of the Province in 1954. A severe outbreak of the 
black army cutworm occurred in the Elk Valley, near Crowsnest Pass, severely defoliating alfalfa 
and clover. It was found also at the Lacombe Experimental Station, where it damaged red fescue. 
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In Saskatchewan, the pale western cutworm was less abundant than for many years. In 
central and western agricultural areas, it occurred in small numbers in one or more fields at 
Dundurn, Floral, Prud’>homme, Battleford, Rosetown, Stranraer, Cabri, and Burstall, but damage 
was light and adults were very scarce in the fall. ‘The bertha armyworm occurred in the largest 
numbers since 1948, but damage was negligible. [Larvae were found in half of the fields in the 
three major rape-growing areas, at Shellbrook, Birch Hills, and ‘Tisdale; and at Langbank in 
southeastern Saskatchewan flax was extensively infested. The red-backed cutworm caused very 
little damage. A small plot of oats was destroyed in the Pas Trail district, and although larvae 
were found in half of the cropped fields examined in the Richard-North Battleford-Cando area, 
damage did not exceed 5 per cent in any field. Small numbers of larvae were present in a few 
fields at Aberdeen, Vonda, and Saskatoon, but no damage was apparent. Vegetables were 
damaged in a few gardens at Saskatoon, and at Blucher one garden suffered 25 per cent damage. 
A climbing cutworm, Chrysopiera moneta (F.), again damaged delphinium in a garden at 
Saskatoon. 


In Manitoba, the outbreak of 1952 did not continue in 1953 and very little damage occurred. 
The red-backed cutworm was troublesome in gardens in southwestern Manitoba, and severely 
damaged sunflowers in a plot at Melita. The pale western cutworm was present in the area 
north of Brandon, but no damage was reported. Neither the armyworm nor the bertha army- 
worm was reported, and the army cutworm was not abundant. At Altona, cutworm moths were 
numerous on sunflower blossoms in August. 


In Ontario and Quebec, no unusual cutworm damage was reported, except in Essex County, 
Ont., where tomato transplants in the canning areas were attacked more severely than in recent 
years. All early muck-soil crops, particularly lettuce, were extensively damaged in the Holland 
Marsh area in south-central Ontario. North of Lake Ontario, damage was less severe than in 
1952, and somewhat below average in the Ottawa, Ont., district. The armyworm was not found 
in southwestern Ontario, although reported to be abundant in some adjacent areas of the United 
States. The w-marked cutworm and the spotted cutworm were reported from Rougemont, Que., 
where they damaged up to 50 per cent of windfall apples in some orchards. Cutworms were 
prevalent and scmewhat injurious throughout Quebec, but no serious outbreaks were reported. 


The armyworm occurred in outbreak numbers in parts of New Brunswick, and was the out- 
standing pest of the season in Nova Scotia. In New Brunswick it caused major damage to oats 
in Carleton, Victoria, and Charlotte counties, and attacked timothy in an orchard in West- 
morland County. In Nova Scotia, the outbreak, the most severe since 1937, occurred in Anti- 
gonish, Colchester, Cumberland, Halifax, and Hants counties. Damage to field crops, however, 
was restricted in extent and not very severe. As in 1937, the outbreak followed a mild winter. 
Severe cutworm damage was reported from the French Lake, N.B., area, and adults of the black 
army cutworm were observed in considerable numbers. Euxoa spp. were moderately numerous 
in the Annapolis Valley, N/S., and the fall armyworm occurred in most corn fields in the 
Province, but damage was believed to be less than in 1952. In Prince Edward Island, the army- 
worm caused severe injury in a grain field; no damage by the red-backed cutworm was reported. 
and the variegated cutworm was present in the lightest infestation in years. In Newfoundland, 
two small infestations of the armyworm in the Codroy Valley and in St. John’s Extern caused 
some damage to grain. The black army cutworm, less numerous than in 1952, occurred in minor 
outbreaks in the St. John’s West farming area. Infestation.and damage were mainly light 
throughout the Province. 


EARTHWORMS.— A large population of Lumbricus terrestris L. caused a 20 to 40 per cent 
reduction of approximately 20,000 tomato seedlings in the seed-bed near Chatham, Ont. These 
unusual losses were due to the earthworms either feeding on the seedlings or pulling them into 
their burrows. Earthworms were particularly abundant in surface soil in southwestern Ontario 
because of the long, cold, wet spring. 


EUROPEAN EARWIG.— This pest is reported to have been more troublesome than ever 
before in British Columbia. It was particularly injurious to carrot, potato, corn, celery, dahlia, 
chrysanthemum, and marigold on Vancouver Island and in the lower Fraser Valley, and to 
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apricot and peach in the Peachland and Westbank areas. Infestations in both homes and gardens — 
were numerous in the Okanagan and Kootenay valleys. It continued to spread in Bruce and " 
Gray counties, Ont. In Nova Scotia it was found for the first time, having become established — 
in several blocks in the dock area at Yarmouth; it is believed to have been transported from 4 
St. John’s, Nfld., where it has been present for several years and contit:ues to spread. : 


GRASSHOPPERS.— Grasshoppers were numerous in the Fort Providence and Fort Simpson — 
areas of the Northwest Territories; adult specimens received at Saskatoon, Sask., were identified 
as of Melanoplus mexicanus mexicanus (Sauss.), and nymphs appeared to be of M. bruneri ~ 
Scudd. 


In British Columbia, the coastal areas and the territory north of Alexandria, Louis Creek, 
Sicamcus, Balfour, Fort Steele, and Roosville were comparatively free of infestation, but else- — 
where in the Province grasshoppers were again a serious problem. Camnula pellucida (Scudd.) — 
and M. m. mexicanus were the species of major importance, but Melanoplus femur-rubrum 
(Deg.) was the most numerous species in orchards and other irrigated crops in the Okanagan and 
Thompson River valleys. Decreases in abundance were most evident in the Nicola control zone, 
which was thoroughly sprayed with aldrin in 1952. Only a few of M. bivittatus (Say) were present 
in the Kersley and Quesnel areas, 1953 apparently being a year of diapause. 


Pi 
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In Alberta, grasshopper populations were at a very low level everywhere except in the ex- 
treme south between Lethbridge and Medicine Hat. Within this strip, populations showed a 
considerable increase over 1952, reaching 20 to 30 per square yard in some places along the road- 
sides. M. bivittatus and M. m. mexicanus were the species present. Very little damage occurred 
as the populations were mostly limited to the roadsides, where vegetation was heavy after a wet 
spring. Fewer eggs were laid than normally expected, especially from M. m. mexicanus, so that — 
this area rates light in the forecast for 1954. A limited infestation was reported in the Fort 
Vermilion area of the Peace River district. 


The season was generally favourable for grasshoppers over much of western Saskatchewan, 
but oviposition was so light in 1952 that control measures were not necessary anywhere in the 
Province during the spring. Favourable weather conditions, however, are believed to have been 
responsible for a general increase in abundance of adults of Melanoplus packardiit Scudd. and 
M. m. mexicanus. In an area of severe drought in the extreme southwestern corner of the 
Province, the two-striped, clear-winged, and lesser migratory grasshoppers together became con- 
spicuous enough to warrant control measures; most of this infestation, however, was only light 
to moderate. The only egg deposits of economic importance that resulted from this were light 
to moderate in a very smail area along the south shore of Cypress Lake. In comparison with 
1952, increases in the abundance of eggs of M. bivitiatus and C. pellucida were noted in the heavy 
clay soils of the west-central agricultural areas; of M. packardii in the light sandy soils of the ~ 
Saskatoon district; and of C. pellucida at a few points near Saskatoon. None of these egg in- 
festations attained economic levels. M. m. mexicanus, although widespread, appeared merely 
to be maintaining itself at a low level of abundance. Grasshoppers, chiefly M. bruneri, were 
common in alfalfa fields in the area from Pas Trail to Smeaton. Heaviest infestations were 
observed in fields that contained appreciable grass, and several were treated with toxaphene. — 


Surveys in Manitoba revealed a reduction, as compared with 1952, in populations of M. biwié- 
tatus and C. pellucida in the Red River Valley. Egg hatching was delayed several weeks by wet 
weather, and infestations varied from a trace to light. C. pellucida replaced M. bivittatus as the 
predominant species. - 


In general, grasshoppers were of minor economic importance in Eastern Canada. Slight 
population increases were noted, chiefly of M. bivittatus, in southern areas of eastern Ontario, 
where alfalfa was the principal crop affected. Light infestations of M. femnur-rubrum caused 
minor, local damage to potatoes at Kemptville, Ont. In Quebec, a rather severe local outbreak 
of M. femur-rubrum, C. pellucida, and M. bivittatus occurred in the northern part of Portneuf | 
County, causing considerable local damage. No unusual damage was reported from the St. 
Lawrence Gulf provinces. 
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JAPANESE BEETLE.— The Plant Protection Division, with the co-operation of the Pro- 
vincial Department of Agriculture, placed some 2800 traps at several points in southwestern 
Ontario during the beetle flight season of 1953. The total number of beetles trapped was 130. 
taken at Hamilton, Port Burwell, Fort Erie, Niagara Falls, and Windsor. In addition, one adult 
was taken in shrubbery in Halifax, bringing the totai for the season to 131. 


JUNE BEETLES.— Local white grub damage to strawberry at Grindrod and to perennials 
at Vernon was reported from British Columbia. In northern Alberta, potatoes grown on newly 
broken land were infested. In Ontario, infestation by second-year larvae of Phyliopnaga spp. 
in the Niagara Peninsula declined to a new low and little crop damage occurred. Beetle flights 
were very large over most of southern Ontario, particularly in the Guelph area, and defoliation 
of host trees was extensive. Damage to raspberry, small shrubs, lettuce, cauliflower, and celery 
was reported from the Holland Marsh area. Much damage by second-year larvae is forecast for 
Ontario in 1954. In Quebec, second-year larvae of Phyllophaga spp. were abundant in Shefford, 
Brome, Missisquoi, Huntingdon, Yamaska, Montmorency, and Matapedia counties. In the Ste. 
Anne de la Pocatiére area, damage to potatoes was estimated at 25 per cent of the total crop. 
Phyllophaga fusca (Froel.) and Diplotaxis sp. were very numerous in New Brunswick, and a large 
flight of Phyllophaga spp. caused considerable damage in west coast areas of Newfoundland, 
notably in the St. Georges and Cartyville districts. 


A SEED-INFESTING ANT.— Ants destroyed most of the kernels in a six-acre planting of 
corn at Bloomfield in Prince Edward County, Ont. Up to a dozen ants were found at a single 
kernel. No similar experience with the insect in the area was recalled and no explanation for 
the outbreak was discovered. The seeds in question had been especially slow in germinating. 


TARNISHED PLANT BUG.— In Manitoba, ornamentals were injured by this species in 
many localities and chrysanthemums were severely damaged at Morden. Considerable popu- 
lations were reported throughout Ontario, but in most areas infestations were less severe than 
in recent years. Damage to celery and lettuce was reported in the Holland Marsh area, to orna- 
menials in Hastings County, and to a wide variety of crops in Prince Edward County. Moderate 
to severe damage occurred on celery and ornamentals in the Ottawa area, and light infestations 
on potatoes were reported from Kemptville, Ashton, and Glasgow Station. Im Quebec, large 
populations, particularly on potatoes, celery, and flowers, were commonly reported. Numbers 
were noticeably reduced in the St. Lawrence Gulf provinces, but damage to potatoes was re- 
ported to be significant in Nova Scotia. In Prince Edward Island and Newfoundland, the insect 
was of minor importatice. 


WIREWORMS.— Near Agassiz, B.C., in infestation of Agriotes sp., believed to be obscurus 
(L.), caused severe damage to a nine-acre field of corn about three miles from the farm on which 
this species was first found on the mainland of the Province in 1952. Severe wireworm infest- 
ations in potatoes were reported from Smithers and the Kispiox Valley (north of Hazelton). 
Limonius canus Lec. caused localized damage to carrot seed crops at Grand Forks. 


Wireworm damage in northern Alberta was below normal, and in southern Alberta no wire- 
worm survey work was done. 


In Saskatchewan, damage to grain crops by wireworms, although confined mainly to the 
western half of the Province, was more extensive and of greater severity than in 1952. Surveys 
indicated spotty to general light thinning of grain crops throughout the western half and the 
northeastern areas of the Province. Moderately severe thinning was observed in the Rosetown- 
Kyle, Chaplin-Elbow, Biggar-Wilkie-North Battleford-Saskatoon, Edam-Turtleford, North 
Battleford-Glaslyn, and Mennon-Hague-Rosthern areas. Very severe thinning was noted in the 
Davidson-Girvin-Holdfast, Biggar, Cochin, Glaslyn-Turtleford, Meadow Lake, and _ Rosthern 
areas. Extensive use of BHC seed treatments confined the major portion of the serious damage 
to untreated fields. Ctenicera aeripennis destructor (Brown) and Hypolithus nocturnus Esch. 
were equally responsible for most of the thinning of grain crops. Limonius pectoralis Lec. and 
Ctenicera aeripennis aeripennis (Kby.) added slightly to grain injury in northern areas of the 
Province. As usual, damage was most severe to spring wheat seeded on summer-fallow in mediuin- 
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textured soils. However, a larger percentage of grain seeded on stubble was severely damaged 
than in 1952. Much of the damage occurred as uniform thinning throughout the infested fields. 
Low-lying areas of many grain fields were more severely thinned than the knolls, which was 
unusual. Several entire fields and numerous low-lying portions of fields were thinned to the 
extent that reseeding was necessary. The extent and severity of wireworm damage were attributed 
to a very noticeable general increase in populations of H. nocturnus, apparently a result of 
moisture and temperature conditions favourable to the reproduction of this species. H. noc- 
turnus was found almost exclusively in several fields, and outnumbered C. a. destructor in many 
other fields throughout the damaged areas. The low incidence of wireworm thinning of grain 


crops in the eastern halt of the Province was attributed to exceptionally high moisture conditions — 


during the wireworm damage period. 


In Manitoba, C. aeripennis destructor caused moderate damage in grain fields at Brandon, 
Neepawa, Heaslip, Kane, Emerson, Oakville, Carman, Pilot Mound, Dugald, St. Rose du Lac, 
and St. James. Early-stage larvae damaged wheat kernels before sprouting in a field south of 
Brandon on May 14. 


iy 


In Ontario and Quebec, wireworm damage was greater than usual. In southwestern Ontario, 
where a definite increase was noted, damage to untreated spring grains and corn was extensive. 


Considerable replanting was necessary in tobacco and tomato crops. Damage to potatoes was. 


widespread, especially in the Ridgetown area. At the Ridgetown potato-grading station, few 
loads of potatoes were received that were free from wireworm damage. A small field of cucum- 
bers in the Dresden area was ruined by wireworms in July, over 40 wireworms being found 
around one plant. In Prince Edward County, dgriotes mancus (Say) damaged ripe tomatoes 
resting on the soil, nearly three-quarters of the fruit being injured in one field examined. In 
Quebec, a general increase in damage, especially to potatoes was reported. 


The known ranges of European wireworms in Nova Scotia continued to expand. Agriotes 
sputator (L.) was found several miles inland in the isolated farming community of Riverdale, 
Digby County; this species develops very dense populations and hence is extremely destructive, 
being capable of eliminating row crops and seriously reducing hay yields. Athous affinis Couper 
was found associated with A. sputator at Marshalltown. Agriotes obscurus (L.) infested several 
fields near Lunenburg and severely damaged oats and potatoes. It was found for the first time 
at West Hall’s Harbour, Kings County. Agriotes lineatus (L.) was especially destructive to 


potatees near Yarmouth. In the Annapolis Valley, A. mancus was apparently normally abundant. 


Ctenicera lobata tarsalis (Mels.) was frequently found. Cardiophorus gagates Er. was collected 
at lights and from soil at Sheffield Mills. In New Brunswick, reports of wireworm damage were 
received from the Sussex and Taymouth areas. 


NEMATODES.— The golden nematode, Heterodera rostochiensis (Wollenweber, 1923) 
Franklin, 1940, has not yet been found anywhere in Canada and considerable attention has 
been given to measures aimed at preventing its introduction. 


The sugar-beet nematode, Heterodera schachtii Schmidt, 1871, showed no sign of spread from 
the known areas of infestation. 


‘The oat nematode, Heterodera avenae Lind, Rostrup, and Ravn, 1913, continued to present 
an important problem in Ontario, and corn was added to the list of its hosts. 


The situation in regard to other species of Heterodera reported previously in Canada re- 
mained about the same. 


The root-lesion nematodes of the genus Pratylenchus showed increasing evidence of being 
important crop pests, as in other countries. Findings to date indicated that there were at least 
four or five species of this genus present in Canada. Pratylenchus penetrans Cobb, 1917, was 
the species most frequently encountered and Pratylenchus pratensis (deMan, 1880), was not un- 
common. All the nematodes of this genus are very small and could be easily overlooked by any- 
one not well acquainted with them. Furthermore, host preferences are not at all sharply defined. 
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The reported occurrence of the potato-rvot nematode, Dilylenchus destructor Thorne, 1945, 
in the State of Wisconsin focussed renewed attention on this species. On the other hand, 
apprehension has declined to some degree as knowledge of the pest has increased; it is now re- 
cognized that potato cropping wil! greatly reduce its population. 


A root-knot nematude, Meloidogyne hapla Chitwood, 1949, was identified from sugar beets 
near Sarnia, Ont. It was also collected from the roots of tomato at Ste. Genevieve, Que. Further 
records of root-knot nematodes were reported in the Canadian Insect Pest Review 31 (7), 1953. 


Of additional interest was the identification of Tylenchorhynchus claytoni Steiner, 1937, from 
soil around red clover at Ottawa, of Paratylenchus sp. from chrysanthemum at St. Catherines, 
Ont., and of Trichodorus sp. from soil around red clover at Ottawa. Anguina agrostis (Stein- 
buch, 1799) Filipjev, 1936, was reported from Prince Edward Island attacking Agrostis alba L. 


FIELD GROP INSECTS 


APHIDS.— A local infestation of aphids on wheat was reported from Merritt, B.C. In 
Saskatchewan, the greenbug was as widely distributed and as injurious to fall rye as in 1950. 
Several thousand acres of this crop were destroyed in the Warman-Rosthern area, and some 
damage occurred in the Abernethy and Rocanville districts. Fall-seeded cover crops were serious- 
ly infested in the Prince Albert-St. Louis area, and late volunteer wheat in summer-fallow was 
damaged in the Rosetown-Pennant area. Eggs were abundant on dead plants, but absent on 
heavily infested green growth. In Manitoba this aphid was found in the Eferson district on 
July 15, and by the end of the month it had spread over most of the southern part of the 
Province. The infestation, however, was restricted to subeconomic numbers by parasites. In 
Alberta the English grain aphid attracted some attention at harvest time, but caused little 
damage. In Saskatchewan, also, this species was present only in small numbers, although a light 
to moderate infestation occurred on fall-seeded rye in the Nipawin-Carrot River district. Wheat 
and oats were not attacked in the pre-ripening period as in 1952. In Manitoba, some fields of 
late oats in the Brandon district were severely infested. Brachycolus tritici Gill. was again 
abundant on intermediate and crested wheat grasses in experimental plots at Saskatoon, Sask., 
causing stunting and some mortality; and another aphid, Rhopalosiphum padi (L.), occurred 
in a medium infestation on oats at Nashwaaksis, N.B. 


In Alberta, the sugar-beet root aphid was present in greater numbers than in the previous 
three years. Sugar beets were attacked wherever grown in the Province, but the most severe 
damage occurred in the western part of the Lethbridge Northern Irrigation District. Predators, 
including Anthocoris musculus (Say), Thaumatomyia glabra (Mg.), and several species of syr- 
phids, reduced the aphid populations in many districts. ‘The sugar-beet root aphid was also 
reported from southwestern Ontario, where it occurred in many sugar-beet areas but caused little 
damage. The pea aphid appeared in large numbers on alfalfa and in lesser numbers on clovers 
ip southwestern Ontario, but was comparatively scarce on these crops in the Ottawa, Ont., area. 
The corn leaf aphid occurred commonly on corn in Ontario and Quebec, but damage was 
negligible. The clover aphid appeared in appreciable numbers in southwestern British Columbia 
but was held to subeconomic numbers by natural control factors. 


BARLEY JOINT WORM.— Harmolita hordei (Harr.) was recorded fiom several grain fields 
in the Montreal, Que., area. It was again abundant in Prince Edward Island, where it occurred 
in almost every field of barley and mixed grain in Kings and Queens counties, particularly in» 
the northern areas; infestation varied from 10 to 95 per cent and in some cases severe losses 
resulted when many stems broke down. 


CHINCH BUGS.— An outbreak of Blissus leucopterus (Say) occurred in the western half of 
Essex County, Ont., in July. Sweet corn mainly was attacked and field corn to a lesser degree. 
_ The insects moved to the corn after the wheat had ripened. Prompt control measures prevented 
heavy losses. The chinch bug was found in most fields elsewhere in Essex County and the 
western part of Kent, but in limited numbers. In Newfoundland the hairy chinch bug, Blissus 
hirtus Montd., caused severe damage to many lawns. . 
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CLOVER CATERPILLARS.— In northern Saskatchewan, small nambers of Diacrisia spp 


observed on alfalfa, caused little damage, and in Manitoba Colias spp. were quite scarce. In~ 
Ontario, the clover head caterpillar, caused some severe damage to red clover in the Ottawa 

= a ° FA 
district, and adults were much more numerous than in 1951 or 1952. 
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CLOVER SEED CHALCID.— This insect, of minor importance in 1951 and 1952, damaged 
red clover and alfalfa rather seriously in the Ottawa, Ont., district. 


CLOVER SEED MIDGE.— Although abundant on red clover in Carleton and Renfrew ~ 
counties, Ont., this midge was less numerous and injurious than in 1951 or 1952. 


CLOVER WEEVILS.— The sweetclover weevil caused considerable early damage to sweet 
clover in Alberta, but the crop recovered after abundant late-spring rains. In Saskatchewan, 
overwintered adults were more abundant and caused more damage to seedling sweet clover in — 
the Saskatoon district than in any other year since 1949. The pest was again very abundant — 
in the northeastern agricultural areas of Saskatchewan, but it has caused much less concern 
during the past two years, probably because an increasing proportion of sweet clover is being 
grown for soil improvement rather than for seed production. Overwintered adults were numerous 
also) in southwestern Ontario, but their feeding did not seriously retard second-year stands of 
sweet clover. Larvae were scarce in mid-summer, apparently because of hot, dry weather, and 
very little damage was done to seedling stands. Sitona lineata (L.) was plentiful in pea and 
clover fields in the Fraser River delta area, B.C., and constituted a nuisance in threshed oats 
in one area. Sitona tibialis (Hbst.) occurred in small) numbers in many alfalfa fields in north- 
eastern Saskatchewan. In Ontario, Hypera punctata (F.) was observed: on wild rice in Hastings — 
County; in the Ottawa district, Sitona hispidula (F.) was locally numerous on alfalfa at Carp, 
and Tychius stephensi SchOnh. was commonly observed on red clover, neither species causing 
any serious damage. In Newfoundland, Hypera nigrirosiris (F.) was again numerous on red 
clover. 


CORN BORERS.— In Saskatchewan, no survey for the European corn borer was conducted. — 
However, a few larvae were taken in single gardens at Indian Head and Saskatoon. This was 
the first time that larvae were taken as far north as Saskatoon. The borer was very scarce in 
Manitoba and much less abundant than in recent years. Infestation was ‘very spotty in south- 
western Ontario. A few isolated fields in Essex, Kent, and Elgin counties were severely attacked 
but, in general, infestation was light to moderate. Stalk infestation was twice as high in Essex 
as In 1952; in Kent and Elgin counties stalk infestation was about the same as in 1952. The 
number of borers per stalk was almost double that for 1952 throughout the region. The second- 
generation population was very small as compared with the two previous years. ‘There was 
some infestation in sweet peppers in the Chatham and Harrow districts, but it was of a minor 
nature. In Prince Edward County, some damage occurred in early sweet corn, but populations 
were greatly reduced from those of recent years. Injury to sweet corn in ithe Ottawa and Manotick 
areas was especially severe, even greater than in 1951 or 1952. A survey in Quebec revealed 
a generally reduced population and the following average percentage infestations: early sweet 
corn, 9.2; sweet corn, 3.7; late sweet corn, 3.1; and ensilage corn, 2.1. In the St. Jean, Que., 
area, ear infestation in sweet corn ranged from 10 to 25 per cent but in canning corn was less 
than 1 per cent, a marked reduction from 1952. Over-all infestation showed a slight reduction. 
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In New Brunswick, the borer was present in all sweet corn areas surveyed and in slightly in- f, 
creased numbers in the Grand Lake region. Damage in Nova Scotia indicated that populations — 
were generally maintained. Helotropha reniformis (Grt.) was not reported in Manitoba in 1953, 4 
J bs 

CORN EARWORM.— Though this species was of minor importance in Western Canada. — 
local infestations in corn were reported from Keremeos and Creston, B.C., and Estevan, Sask.; r 
and at Morden, Man., light damage was reported from a canning plant. In Eastern Canada 3am 
the insect was of much greater importance. Infestation of late corn was generally severe in : 
Ontario, particularly so in extreme southwestern areas, notably Essex County and, to a lesser ~ 
degree, Kent County. Ear infestation ranged up to 100 per cent and in many cases the upper a 
one-third of the ear was completely destroyed. Corn matured very early, lessening losses to some 7 
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extent. Tomatoes as well as corn were extensively attacked in the outbreak area, two to five 
per cent of almost all tomatoes entering the canning factories after September 21 being affected. 
Some factories were reported to have closed earlier than usual on this account. In New Bruns- 
wick, mid-season and late varieties of corn suffered 50 to 90 per cent damage. Infestation in 
Nova Scotia was the most severe since 1947, probably because of the mild winter of 1952-53; 
tomatoes as well as corn were extensively damaged in some areas. ‘The insect was of little 
economic importance in Prince Edward Island and Newfoundland. 


FLAX BOLLWORM.— Larvae of Heliothis ononis (Schiff.) were present in almost every 
fiax field in the Rosetown-Elrose, Eston-Tyner, and Stranraer-Plenty districts of west-ceitral 
Saskatchewan. Damage, however, averaged less than one per cent. The infestation was very light 
in Comparison with that of 1944, but it was the largest and most uniform since 1948. 


FLEA BEETLES.— Phyllotreta spp. caused little damage to sugar beets in Manitoba. ‘The 
corn flea beetle, Chaetocnema pulicaria Melsh., was present in almost every corn field in Essex 
County and in most fields in Kent County, Ont. ‘Che beetle is a known carrier of Stewart's disease, 
which was present in many fields of early sweet corn in the district. Bacterial wilt affected field 
corn to a lesser degree. Adults of Systena frontalis (F.) were present in red clover from July to 
September at Ottawa, Ont., but damage was not serious. 


HESSIAN FLY.— In British Columbia, light damage was caused by this pest in the Enderby- 
2) oO y 

Armstrong district and. at Glenmore near Kelowna. A local infestation causing some damage to 

wheat was reported from ‘Swift Current, Sask. Barley was attacked near Rapid City, Man., and 

pupae were received from Neepawa. Not a single infested wheat plant was found in a late- 

season survey of southwestern Ontario, nor was any damage reported elsewhere in the Province. 


LEAFHOPPERS.— By the end of August, leafhoppers were reported to be unusuaily common 
on all susceptible crops near Soda Creek, B.C. In Saskatchewan, the clover leafhopper and 
Agalliopsis novella’ (Say) again occurred in some alfalfa fields in the northeastern area of the 
Province, but no damage was observed. In southwestern Ontario, the potato leafhopper was 
extremely abundant . Hopperburn was evident in varying degrees in almost every alfalfa field 
visited in Kent, Essex, and Middlesex counties. In many cases the damage was very severe, re- 
sulting in greatly reduced hay yields. This was especially true of second and third cuttings. 
The insect was abundant also on alfalfa and red clover in eastern Ontario but damage was 
generally not severe. The six-spotted leafhopper was present in this area on clover and alfalfa 
in unusually small numbers. 


LEGUME-POLLINATING INSECTS.— In Saskatchewan, Bombus terricola Kby. was the 
only important bumble bee pollinator of alfalfa in northeastern areas. ‘Though it eventually 
appeared in about the same numbers as in 1952, brood development was about three weeks later 
in the season. B. ternarius Say, which in recent years had been of some importance as an 
alfalfa pollinator, was observed only occasionally in this crop. Occasional specimens of B. borealis 
Kby., B. vagans Sm., and B. perplexus Cress. were observed foraging alfalfa, and these species 
as well as B. terricola were common in a few red clover fields. B. rufocinetus Cress. was observed 
chiefly on hawk’s-beard and sweet clover. Only occasional specimens of B. californicus Sm. were 
observed, but Megachile spp., present in the Nipawin-Vorch River district in only very smali 
numbers in 1952, were much more abundant in 1953. M. melanophaea Sm., one of the earlier 
species, appeared to be particularly abundant. At Wanless, Man., where special studies were 


“made, the numbers of the common bumble bee species per unit area of alfalfa in one district 


were as follows:— 


In June In August 
Bombus terricola Kby. 7 20 
B. ternarius Say 8 I 
B. sylvicola Kby. 15 rare 
B. rufocinctus Cress. 10 rare 
B. vagans Sm. ] a 
B. fervidus (F.) Not observed B. borealis Kby. rare 
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B. rufocinctus was the most abundant species on white Dutch clover, purple vetch, and fire- 
weed, with B. sylvicola second. Bees of the genus Anthophora were very abundant at Wanless, 
nesting in decaying logs and in clay banks; they tripped a small percentage of alfalfa blossoms. 
B. borealis, B. ternarius, B. rufocinctus, and B. terricola were abundant at Altona and were im. 
portant pollinators of sunflowers. In the Ottawa, Ont., district, dndrena spp. were very abundant 
in alfalfa and seed set was excellent. Bombus spp. were abundant in red clover, as in 1952, and 
here, too, seed set was very good. 


MAIZE BILLBUG.— In Ontaric, 30 acres of field corn in Southwold Township, E!gin County, 
on land that had been in sod for several years, suffered severe damage from Galendra mazdis 
(Chitt.) when the plants were 8 to 12 inches high. 


PLANT BUGS.— Populations of Lygus spp. remained small in Alberta alfalfa fields through- 
out the season, but in northern Saskatchewan species of this genus were again the major pests 
of alfalfa and caused severe damage in many seed fields. dAdelphocoris superbus (Uhl.) was 
present in most alfalfa seed crops in Alberta, but was of minor economic importance. A. lineo- 
latus (Goeze), recorded in economic numbers for the first time in Saskatchewan in the Hudson 
Bay district in 1952, occurred in somewhat larger numbers in the same area in 1953. Very small 
numbers were found in alfalfa in the Pas Trail, Nipawin, and White Fex districts. A. rapidus 
(Say) was again present in small numbers in Saskatchewan alfalfa fields. Plagiognathus sp., pre- 
viously reported as P. obscurus Uhl. or the variety fraternus Uhl., occurred in numbers up to 
20 per net sweep on alfalfa throughout northern Saskatchewan, and in northwestern areas was 
the predominant mirid in many fields. Chlamydatus sp. was found in small numbers in many 
alfalfa fields in northern areas of the Province but no damage was observed. In Manitoba, Lygus 
lineolaris (P. de B.) occurred on alfalfa in moderate numbers in the Turtle Mountain area and 
at Wanless. A. lineolatus and A. rapidus were present in numbers up to four per net sweep in 
the Turtle Mountain area, and in comparatively small numbers at Wanless. In the Ottawa 
Valley area in Ontario, L. lineolaris was numerous on alfalfa, red clover, and bird’s-foot trefoil, 
populations being larger than in 1951 and smaller than in 1952. These crops were also attacked 
by Plagiognathus chrysanthemi (Wolff) in considerable numbers during the early part of the 
season; populations were larger than in 1951 or 1952. dA. lineolatus was numerous in alfalfa 
during August but caused minor damage. 


SPITTLEBUGS.— The meadow spittlebug occurred in outbreak numbers on strawberry on 
Vancouver Island, B.C., causing considerable crop reduction. In southwestern Ontario it appeared 
later in the season and was less abundant than in 1952. In eastern Ontario, numbers were 
comparable to those of 1952 and damage was negligible. At Ste. Anne de la Pocatiere, Que., 
populations in forage crops were smaller than in recent years. 


SUNFLOWER INSECTS.— In Manitoba, only a few specimens of Homoeosoma electelium 
‘Hulst) were observed. The moth Phalonia hospes Wlshm. continued to decline in numbers 
from its peak abundance in 1951, and damage dropped from a high of 6.5 per cent in 1951 to 
jess than 2 per cent. Parasitism, largely responsible for the decline in population, increased from 
65 per cent in 1952 to about 80 per cent. The chief species of parasites involved were Chelonus 
sp. near shoshoneanorum Vier. and Glypta sp., but Macrocentrus ancylivorus Roh., Mastrus sp., 
and Horogenes sp. were also present. Cutworm damage to sunflowers was very light, excepting 
one field in the Melita district where about 50 per cent thinning of the stand occurred. On one 
occasion, large numbers of cutworm moths were noted in suflower bloom. Bumble bees were 
more prevalent on suflower bloom than in previous years and appeared to be effective pollinators. — 
The painted-lady, which occurred in outbreak numbers in 1949 and in moderate numbers in 
1952, was not present, nor were any specimens of Eucosma sp. noted. The sunflower beetle, 
which occurred in near outbreak numbers in 1952, was present in moderate numbers. Predators, 
namely Lebia atriventris Say and chrysopid larvae, were more abundant than in 1952 and were 
observed feeding on larvae of the sunflower beetle. A mordellid, species undertermined, was 
more abundant on sunflowers at Altona and Brandon than in previous years. The sunflower 
maggot was present in reduced abundance, infestation being 54.7 per cent as compared with 
69.7 per cent in 1952 and 96.4 per cent in 1951. Oedicarena diffusa Snow. continued to increase 
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in numbers since first observed in 1951. Camptoprosopella borealis Shew. was present in usual 
abundance. ‘The ragweed plant bug was abundant, as in previous years. Lygus bugs were present 
in greater numbers than in recent years. Leafhoppers were generally very abundant on sun- 
flowers as well as on other crops. 


THRIPS.— Severe damage to barley, apparently by Anaphothrips obscurus (Mull), was re- 
ported early in July in the Peace River District, Alta. Several thousand acres were affected and 
damage ranged from 10 to 80 per cent of the heads. Early estimates placed the loss at 50 per 
cent in the affected areas, but later examination indicated that the actual loss might be far less. 
It was the first-formed heads only that suffered, and the reduced development in these apparently 
stimulated unusually heavy heads on the tiller shoots. 


TOBACCO INSECTS.— The tobacco hornworm, Phlegethontius sextus (Johan.), which 
occurred in large numbers in extreme southwestern Ontario in 1952 for the first time on record 
in Canada, was again numerous, and the area of infestation increased to include the southern 
areas of Kent and Elgin and part of Norfolk county. The main infestation, in the Leamington- 
Kingsville area, was moderate to heavy on tobacco, ranging from 10 to 25 per cent of the plants; 
elsewhere it was comparatively light. Damage to tobacco by the tomato hornworm, P. quin- 
quemaculatus (Haw.), was comparable to that of 1952. The infestation was most severe in the 
Leamington and Kingsville areas and was light in tobacco-growing areas east of Chatham, ex- 


cepting a few heavily populated fields at Houghton, near ‘Lake Erie. Cutworms of various 


species were very injurious to tobacco transplants in June, the amount of replanting necessary 
ranging from 5 to 75 per cent. The variation was, to some extent, a result of different control 
measures. Damage was most extensive in Norfolk and Kent counties. The green peach aphid 
appeared on tobacco somewhat later than usual and, as a result, did not develop damaging 
numbers in most fields. As in 1952, largest populations occurred near the shore of Lake Erie in 
Essex, Kent, and Elgin counties. Flea beetles, chiefly Epitrix spp., fed heavily on tobacco during 
June and July in Essex County. 


A VETCH BRUCHID.— A bruchid, Bruchus brachialis Fahr., was found breeding on vetch 
at Grand Forks, B.C., on August 11. This was the first record of the species breeding in Canada. 
A native of Europe, it was first found in America in New Jersey in 1930. 


WHEAT STEM MAGGOT.— This wheat pest was not reported in Saskatchewan, although 
in 1952 it was more abundant and widespread than for several years. 


WHEAT STEM SAWFLIES.— In Alberta and Saskatchewan, populations of Cephus cinctus 
Nort. increased slightly over those of 1952: Noticeably heavier infestations occurred in the areas 
of Stirling-Foremost, Whitla, and Hilda-Schuler in Alberta, and in the Scott-Wilkie and Craik 
areas in ‘Saskatchewan. Severe infestations occurred in the Regina plains, Weyburn-Radville, 
Outlook-Hanley-Kenaston, and Craik areas of Saskatchewan; and in the Hilda-Schuler, Whitla, 
Lethbridge-Foremost, and Nobleford-Vulcan areas of Alberta. Light to medium infestations 
occurred in the remainder of the prairie region. In Manitoba, infestation continued to be very 
light. In southwestern Ontario, Cephus pygmaeus (L.) was present in smaller numbers than in 


1952 throughout wheatgrowing areas, and no serious damage was observed. 


VEGETABLE INSECTS 


APHIDS.— In southwestern British Columbia, aphids were generally more abundant than 
in 1952 on truck crops, especially on Vancouver Island. In the latter area, the bean aphid caused 
considerable loss in a large acreage of pole beans. Celery was extensively infested in areas about 
Cloverdale, Victoria, Armstrong, and Kelowna, B.C. The cabbage aphid was more abundant 
than usual on cabbage on Vancouver Island and was a pest of brussels sprouts and broccoli in 
the Abbotsford area. Light mid-season, and moderate to severe late-season infestations on cabbage, 
broccoli, brussels sprouts, and kohlrabi were reported from southwestern and eastern areas of 
Ontario, and from southern Quebec. Damage was negligible in Newfoundland. The turnip 
aphid was much less abundant than in 1952 in southwestern British Columbia. A moderate 
infestation of Macrosiphum erigeronensis (Thomas) rendered Chinese lettuce unmarketable in 
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Kent County, Ont. The melon aphid. was present on meions and cucumbers in Essex County, 
and on Hubbard squash in Kent County, Ont., requiring control measures. The pea aphid was 
scarce in the eastern part of the lower Fraser Valley, B.C., but control measures were necessary 
in large acreages in the [Ladner and Delta areas. In Manitoba, severe outbreaks occurred in the 
pea-growing area south of Winnipeg, in the St. Pierre, Altona, Morris, and St. Jean districts, and 
the area surrounding Portage la Prairie south and east to Elie and Newton Siding. This was 
the first reported outbreak of major importance in Manitoba. An increase in abundance on all 
leguminous crops was reported from Kent County, Ont., and early infestations on canning peas 
required contro! measures in many parts of the Province. Canning and field peas were lightly — 
to moderately attacked in widely separated areas of southwestern Quebec, and this aphid along 
with another species of Macrosiphum was collected on bird’s-foot trefoil at Ste. Anne de la 
Pocatiere, L’Assomption, and Sebastien. In Nova Scotia the pea aphid was more numerous than 
in 1952, especially in the Pictou district. Aphids, mainly Macrosiphum solanifoiii (Ashm.), 
occurred on potato. in increased abundance in the Cariboo, B.C., district, were very scarce in 
Manitoba, and sufficiently numerous to warrant control measures in some Ontario districts, 
notably Essex County. M. solanifolii and Myzus persicae (Sulz.) occurred in outbreak numbers 
in many areas of Quebec. In New Brunswick, these species were present in average or above- 
average numbers, but Aphis abbreviata Patch was the predominant species throughout the 
season and was much more numerous than in 1952. Aulacorthum solani (Kltb.) occurred in 
normal numbers. Aphid populations on potato in Kings County, N.S., were larger than for 
several years. In Prince Edward Island, M. solanifolit made up over 95 per cent of the population 
in infestations which were moderate to severe. In Newfoundland, A. abbreviata and M. persicae 
were widely but lightly distributed. M. solanifolii required control measures in a large planting 
of eggplant seedlings near Chatham, and on early tomatoes in Essex County, Ont. Control 
measures were also necessary on tomatoes at Osoyoos, B.C. 


ASPARAGUS BEETLES.— Crioceris asparagi (L.), although slightly injurious to asparagus 
throughout the cutting season in Essex and Kent counties, Ont., was much less numerous than 
in 1952. Damage was reported also from Prince Edward County, Ont., and from Quebec. C. duo- 
decimpunctata (L.) was very numerous at Winnipeg, Man., and numerous aiso in Ontario and 
Quebec, but caused negligible damage. 


CABBAGEWORMS.— The imported cabbageworm occurred in normal numbers on Vancouver 
Island, B.C., but was much less abundant than in 1952 in the lower Fraser Valley. In Saskat- 
chewan, damage was more severe than in 1952. From Battleford south to Cypress Hills and east 
to Moose Mountain, all cruciferous crops were 50 to 90 per cent defoliated, and in the area north ~ 
of the Qu’Apelle ‘River and east of the Saskatchewan River they were 10 to 20 per cent de- 
foliated. This insect was less abundant than usual in Manitoba, but some severe damage occurred 
in gardens at Brandon. In Ontario, it was generally distributed in normal numbers in south- 
central and southwestern areas, but in the Ottawa district was less numerous than in any other 
year since records were begun in 1949. Damage was general and more or less normal through- 
out southern Quebec, and in the St. Lawrence Gulf province reports indicated generally reduced 
populations, notably in New Brunswick. The cabbage looper was very scarce in Manitoba, less 
numerous than in 1952 in southwestern Ontario, but slightly more numerous in the Ottawa 
district, and present in small numbers in New Brunswick. Its numbers were negligible com- 
pared with those of Pieris rapae (L.) and Plutella maculipennis (Curt.) at Ottawa. No damage 
of economic importance was reported from any province. The diamondback moth, too, was 
scarce in Manitoba, but in the Ottawa, Ont., area it occurred in light outbreak numbers, out- 
numbering any other cabbageworm species, and more numerous than in any year recorded. In 
the 'St. Lawrence Gulf provinces there were small to moderate numbers and little damage. 
Evergestis pallidata (Hufn.) [= E. straminalis (Hbn.)] caused slight injury to turnips in Prince 
Edward Island and severe injury to both cabbage and turnips in Newfoundland. 


CARROT RUST FLY.— In British Columbia, second-generation larvae caused spotty but— 
severe damage to carrots on Vancouver Island and comparatively light damage in the lower 
Fraser Valley. In the interior, severe damage was reported from Armstrong and Summerland, 
and a few flies were collected at Brocklehurst in the Thompson Valley. The insect had not 
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previously been reported from either Summerland or the Thompson Valley. No occurrences 
were reported from the Prairie Provinces. In Ontario, much severe first-generation damage was 
reported. At Bradford, second-generation larvae caused severe damage in some fields and very 
little in others. Celery growth was retarded in this area and to a lesser extent in the Burlington 
area. A few third-generation flies appeared at Bradford as a result of unusually warm fall 
weather. Very light damage was reported in eastern Ontario. In Quebec, damage to late carrots 
was commonly reported. In the St. Lawrence Gulf provinces, light infestations were reported 
from St. Andrews, Lincoln, and Shirley, N.B., and in large plantings at Waterville, N.S. Severe 
injury was reported frem Truro, N’S., from Prince Edward Island, and from the Avalon Pen- 
insula, Nfld. 


CELERY LEAF TIER.— An unusual outbreak of this insect occurred in a field of celery at 
Kingsville, Ont., but most of the crop had already been harvested. A commercial crop of parsley 
at Jeannettes Creek, Ont., also was severely infested, causing some loss. An infestation in head 
lettuce had been reported in 1952. 


COLORADO POTATO BEETLE.— Populations were large in the Kootenay, B.C., district, 


and the largest since 1949 in southern areas of Saskatchewan, but control measures kept losses 


to a minimum. In Manitoba, the insect was reported scarce at Winnipeg, moderately abundant 
at Brandon, and abundant at Melita. Throughout Ontario and Quebec, this beetle was present 
in somewhat increased numbers in many areas, but extensive damage occurred only in un- 
treated fields. Locally reduced populations were reported from Chatham and Ottawa, Ont. 
Populations were large and very injurious to untreated crops in Nova Scotia and Prince Edward 
Island. In New Brunswick, numbers were small in June, but frequent rains hampered control 
measures and an extensive population build-up resulted. 


CORN EARWORM— This insect attacked tomatoes extensively in the Lake Erie and Lake 
Ontario districts, and canners claimed that they were sufficiently numerous to cause cessation of 
packing. 


CUCUMBER BEETLES.— The striped cucumber beetle, rarely reported in Saskatchewan, 
occurred in considerable numbers in a three-acre field of cucumbers at Craven. In southwestern 
Ontario, it continued to be the most serious pest of cucumber, melons, and squash. Light 
infestations were reported from Prince Edward County and Ottawa, Ont., and in New Brunswick 
it was almost non-existent. The spotted cucumber beetle, which appears later in the season 
and is therefore less injurious, occurred commonly in southwestern Ontario but caused little 
damage. 


FLEA BEETLES.— For the second successive year the potato flea beetle was not recorded in 
Saskatchewan, and in Manitoba populations were very small. In Ontario, it was somewhat more 
abundant than in 1952 in extreme southwestern areas, feeding heavily on potato, tomato, egg- 
plant, and tobacco. In central and eastern areas of southern Ontario, damage generally was not 
severe, although some extensive feeding occurred on potatoes in Prince Edward County and 
the Ottawa Valley. Light to moderate damage to susceptible crops was reported from southern 
areas of Quebec and the St. Lawrence Guif provinces, and some rather severe injury to potatoes 
in Prince Edward Island. The western potato flea beetle was again present in large numbers in 
the Soda Creek, B.C., area, causing extensive damage to tubers and vines. No specimens were 
taken in a survey north from Alexandria to Prince George and east to McBride. The tuber flea 
beetle, potentially a major threat to potatoes, was well controlled in southwestern areas of 
British Columbia and in the Thompson, Nicola, and Okanagan valleys. A second generation 
caused some damage at Chilliwack, and severe damage occurred in a few poorly treated fields 
in the interior. Phyllotreta albionica (Lec.) was scarce in southwestern British Columbia, but 
widespread and somewhat destructive in Newfoundland. Phyllotreta spp. were minor pests of 
radish in southern Saskatchewan, and of radish and turnip in Manitoba, notably at Brandon. 
P. striolata (F.) caused minor damage to garden crucifers from Manitoba eastward to New- 
foundland. The hop flea beetle occurred in small numbers on potatoes in Prince Edward Island. 
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LEAFHOPPERS.— By mid August leafhoppers of various species were unusually common 
on grasses, legumes, and potatoes at Soda Creek, B.C. Damage to garden crops was at a low ebb 
for the third successive year in Saskatchewan. The potato leafhopper was not a serious pest in 
Manitoba, but in Ontario infcstation was the most severe in recent years on all bean varieties 
and on potatoes in the Chatham area. Reports of damage to potatoes were received also from 
central and southeastern areas of southern Ontario. Infestations were light to moderate in the 
Ottawa Valley and in the Ste. Anne de la Pocatiere area of Quebec. Light infestations and no 
serious injury were reported from Prince Edward Island and Newfoundlan. The six-spotted 
leafhopper occurred in Manitoba in normal numbers on potato, but in large numbers on carrot, 
causing considerable yellows, and in abundance on field peas in the Portage la Prairie area. In 
Ontario, light infestations caused minor to moderate damage to head ‘ettuce in the Erieau and 
Holland marshes. 


MAGGOTS IN ONIONS.— The onion maggot caused serious damage in untreated crops in 
the interior of British Columbia, but was believed to be less numerous than in recent years. 
Continued damage was reported in Alberta, but less damage generally than in 1952 in this 
province and in Saskatchewan. In the latter province damage was negligible south of an east- 
west line from Cypress Hills to Moose Mountain. North of a line from North Battleford to 
Yorktown, 60 to 100 per cent mortality of onions was common; andi in the market garden areas 
of the Province, 60 to 80 per cent of onions were killed as in 1952. Infestations were relatively 
low at Brandon and Winnipeg, Man., probably a result of heavy rains, but some severe damage 
was reported from Melita. Infestations were generally lighter than in 1952 in most areas of 
Ontario, although commercial crops were damaged in the Erieau Miarsh, Jeannettes Creek, and 
Holland Marsh areas. In Quebec, 25 to 75 per cent of onion seedlings in muck-land areas near 
Montreal were destroyed, and in sandy loam soils in the St. Cesaire district 20 to 30 per cent 
of the plants were killed. The insect was exceedingly destructive also in the Ste. Anne de la 
Pocatiere district. Infestation in general was comparable to that of recent years. Reports of 
damage in the St. [Lawrence Gulf provinces were confined mainiy to small gardens. Larvae of 
Paragopsis strigatus (Fall.) were taken in fall onions at Kelowna, B.C., and were reported from 
Ste. Anne de la Pocatiere, Que.; the economic status of this species is not known. 


MEXICAN BEAN BEETLE.— For the third consecutive year this pest caused economic 
losses in southwestern Ontario. The area of infestation increased, and in Essex County the 
insect was the most serious pest of beans in home gardens during July and August. In Quebec, 
a few foci of infestation persisted in the Rougemont and St. Antoine Abbé districts. 


MITES.— Reports of damage to tomato plants by the tomato russet mite were not as num- 
erous as in 1952 in Essex County, Ont. 


ONION THRIPS.— Onions were severely damaged in untreated fields in the Okanagan and 
Grand Forks districts of British Columbia. In southwestern Ontario, infestations and damage 
were generally more severe than in 1952, and severe infestations were general throughout the 
central and western agricultural areas of southern Ontario. : 


PEA MOTH.— No damage was reported in southwestern British Columbia, and in Prince 
Edward Island infestation was about normal. 


PLANT BUGS.— At Grand Forks, B.C., Lygus scutellatus Uhl. was somewhat more abundant 
in carrot seed crops than in 1952, but infestations remained very low compared with outbreaks 
in 1947 and 1948. Very few bugs were noted on dill seed plants during the season. Light to 
moderate infestations were found on stands of a wild umbelliferous host, Sium sauve Walt., 
during late summer at Kamloops, Falkland, and Peachland. Populations of L. lineolaris 
(P. de B.) and L. elisus Van D. in carrot seed crops were small throughout the season. ‘The four- 
lined plant bug was moderately common in vegetable gardens in Hastings County, Ont. 


POTATO STEM BORER.— Young corn plants were commonly attacked by this borer in 
gardens from Ste. Anne de la Pocatiers to Rimouski, Que. Rhubarb was damaged in St. John 
County, N.B., and occasional specimens were found on potato in Newfoundland. 
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ROOT MAGGOTS IN CRUCIFERS.— Root maggots, chiefly the cabbage maggot, were 
present in usual numbers on stem crucifers in southwestern British Coiumbia, control measures 
being necessary to prevent crop failures. Populations showed a substantial increase over the 
previous three years in the Courtenay area, probably a result of favourable soil moisture 
conditions. In the lower Fraser Valley, late damage was done to broccoli and brussels sprouts, 
and in the Kelowna area turnips were again severely damaged. In northern Alberta, reports of 
damage were more numerous than usual. At Cranford some turnip crops were completely 
ruined and damage was reported also from Iron Springs and Lethbridge. Crucifers in a garden 
at Regina Beach were moderately infested with the cabbage maggot, the first definite record 
in the Province. In Ontario, moderate to severe early-season damage to crucifers was reported 
from Essex, Hastings, and Prince Edward counties-and from the Burlington area. An unusual 
late-season infestation developed on radish at Jeannettes Creek. Infestation in the Holland 
Marsh was below that of 1952, and in the Ottawa area about average. The insect continued to be 
the major pest of early crucifers in Quebec. It caused only slight losses in New Brunswick, in- 
festation being the lightest in seven years in the Maugerville-Sheffield area. Damage to early 
cabbage and to turnips was more severe than in 1952 in Nova Scotia. Injury to early cabbage 
was comparatively light in Prince Edward Island and Newfoundland, but turnips were more 
severely damaged than in 1952 in both provinces. Hylemya planipalpis (Stein.) and H. floralis 
(Fall.) [=A. crucifera Huck.] caused somewhat less damage to early radish than in 1952 in 
Saskatchewan and Manitoba, and generally less damage to turnips in the latter province. 
Hf, floralis was, as usual, restricted mainly to the black soils zone in Saskatchewan, damaging 
from 40 to 100 per cent of all cultivated crucifers. South of this zone damage was negligible, 
except in irrigated areas. } 


SEED-CORN MAGGOT.— In British Columbia, beans were severely damaged near Lillooet, 
and for the first time in many years at Chilliwack. Eggs and adults were collected at Lethbridge, 
Alta., but no larvae were found. Infestation in southwestern Ontario was the most severe on 
record, all varieties of beans, including the soybean crop, being severely attacked. ‘The latter 
crop has in the past been comparatively free of insect depredations. In Elgin County seed pieces 
of late potatoes were severely infested. In Quebec, injury to beans was light near Quebec City 
and severe in the Ste. Anne de la Pocatiere area. Peas and beans suffered severe losses around 
Fredricton, N.B., and squash was attacked in the Sussex area. In Nova Scotia, beans had to be 
reseeded in many fields and cucumbers were commonly damaged. Cucumbers were severely 
damaged also in Prince Edward Island, but other crops were not seriously injured. 


SLUGS.— Slugs persisted in above-average numbers in the Okanagan, B.C., area for the third 
successive year. Favourable weather conditions in the Prairie Provinces resulted in large popu- 
lations and some severe damage, notably in northern Alberta and Manitoba. Little damage was 
reported from Ontario and Quebec, and numbers were reduced in most areas of the St. Law- 
rence Gulf provinces. However, some severe damage was reported from Halifax County, N.S., 
and Cape Breton Island. 


SPINACH LEAF MINER.— Damage to spinach and beets was less than in 1952 at Regina, 
Sask., negligible in Manitoba, and about average, but much less than in 1951, in southwestern 
Ontario. 


SPRINGTAILS.—Populations were large but injury light at Ste. Anne de la Pocatiere, Que. 
Spring damage to vegetables was above average at Truro, N.S., and Newfoundland reported 
little damage. 


SQUASH BUG.— In Ontario, insolated colonies were present in southwestern districts, but 
damage was minor. Reports of injury were numerous in the Guelph area, and a severe out- 
break caused major damage to pumpkin and squash in Prince Edward County and the district 
between Belleville and Deseronto. 


SQUASH VINE BORER.— In southwestern Ontario, infestations in commercial acreages of 
Golden Hubbard squash and Boston marrow were less severe than in 1952. In small market 
and kitchen gardens infestations were severe. There were indications that the pest is becoming 
more widespread in this area. 
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TOMATO HORNWORM.- Only a few infestations were reported in Ontario, and although 
slightly more numerous than in 1952 in Quebec, the insect was of minor importance for the 
third consecutive year. A single infestation was reported from Greenwich, N.S. 


MISCELLANEOU'S.— The cabbage seedpod weevil occurred on radish at Armstrong, B.C. 
Adults of the peppergrass beetle defoliated turnips by cutting the leaf petioles, then ate the 
crowns to the ground at Treesbank, Man. Small numbers of the potato psy!lid were reported 
in the lower St. Lawrence Valley. Large numbers of a weevil, Trachyphloeus bifoviolatus (Beck.), 
severely damaged cucumbers and beans in an area.of Prince Edward Island. Sugar beets were 
damaged by the zebra caterpillar at St. Hyacinthe, Que. 


FRUIT INSECTS 


APHIDS. Aphis pomi Deg. was of little importance in British Columbia. In Ontario it 
was more abundant than usual in all apple-growing areas, and Quebec reported severe in- 
festations in several orchards in southwestern areas of the Province. New Brunswick and Nova 
Scotia reported small to moderate numbers of minor economic importance. Anuraphis roseus 
Baker occurred in small numbers in Ontario, except in a few orchards in eastern counties and 
in the Georgian Bay area. In Quebec, too, only a few orchards were reported infested. In Nova 
Scotia, however, the species was more plentiful than usual and control materials were applied in 
some areas, but damage was not serious. Eriosoma lanigerum (Hausm.) was a much iess serious 
pest than in 1952 in the Okanagan and Kootenay, B.C., valleys, largely because of heavy para- 
sitism by Aphelinus mali (Hald.). Although still causing little injury in Ontario, populations 
were reported to be increasing, and general increases were reported also from Quebec. Only 
small numbers were observed in Nova Scotia. Rhopalosiphum prunifoliae (Fitch) was moderate- 
ly abundant early in the season in Nova Scotia. The black cherry aphid was of minor importance 
in both British Columbia and Ontario. The currant aphid caused light damage to red currants 
at Kerrobert, Sask., and developed in large numbers in some black currant plantations in Nova 
Scotia. Reports from. Manitoba indicated no damage. The green peach aphid was a serious 
pest, occasioning some losses to fruit growers in parts of British Columbia, particularly in south- 
ern areas. Small numbers appeared on potatoes and moderate numbers on turnips in Prince 
Edward Island. For the second successive year, heavy infestations of the black peach aphid de- 
veloped on young peach trees in Essex County, Ont. In British Columbia, the mealy plum 
aphid was a minor problem, although some growers reported increases. In Ontario it was very 
abundant in Essex County, but of minor importance in the Niagara Peninsula. Capitophorus 
minor (Forbes) and C. fragaefolit (Ckll.) were common in most strawberry plantations in the 
Washademoak and Belleisle areas in New Brunswick. Another species, Myzus porosus Sand., was 
less common. 


APPLE MEALYBUG.— This insect has been satisfactorily controlled by the parasite Allotropa 
utilis Mues. in British Columbia in recent years. Light infestations occurred in New Brunswick 
and Nova Scotia. 


APPLE SEED CHALCID.— Infestations of this insect were heavy in unsprayed orchards at 
Morden, Man. 


APPLE (AND BLUEBERRY) MAGGOT.— Reports from Manitoba indicate that this insect 
is present throughout the southern part of the Province. General abundance was reported in 
Ontario apple orchards, with increases indicated in eastern counties and in the ‘Toronto- 
Hamilton area. A severe general cutbreak occurred in the St. Jean, Que., area. No orchard 
survey was carried out in New Brunswick. Some increase in the number of commercial orchards 
infested was reported from Nova Scotia, and in Prince Edward Island damage was, as usual, ex- 
tensive in non-commercial orchards. The insect was again prevalent on blueberry in large 
areas of New Brunswick, and more injurious than in 1952 in Prince Edward Island. This crop 
was free of infestation in Newfoundland. 


BLUEBERRY CUTWORMS.— Blueberry cutworms were collected in approximately the 
same numbers and densities as in !952 in New Brunswick, except Actebia fennica (Tausch.), 
which apparently increased during the past two seasons. In fall sweepings Syngrapha epigaea 
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(Grt.) was the most prevalent species. Other lepidopterous larvae collected included Polia pur- 
purissata (Grt.), Spaelotis clandestina (Harr.), Rhynchagrotis cupida (Grt.), Euxoa declarata 
decolor (Morr.), Graphiphora smithi (Snell.), G. collaris (G. & R.), and Eucirrhoedia 
pampina (Gn.). 


BLUEBERRY SAWFLIES.— The sawfly Neopareophora litura (Klug) was found in all parts 
of New Brunswick during a survey. Generally this insect is not found in the Province in 
infestations heavy enough to cause concern, Pristiphora idiota (Nort.) and P. bivittata (Nort.) 
were collected in Charlotte County, N.B., but were not common. 


CASEBEARERS.— The cigar casebearer and the pistol casebearer were very scarce in Norfolk 
and Essex counties, Ont., and in the Niagara apple district. Scattered occurrences of the cigar 
casebearer and light infestations of the cherry casebearer were reported from St. Jean, Que. 


CHERRY FRUIT FLIES.— Rhagoletis fausta (O.S.) caused some damage to cherries in the 
Kootenay Lake, B.C., area, where it was not adequately controlled; and an infestation’on pin 
cherry was reported from Morden, Man. ARhagoletis cingulata (Loew) caused serious fruit 
damage in some areas of Prince Edward Island, notably near urban centres. Both species were 
well controlled in commercial orchards in Ontario. 


CHERRY FRUITWORM.— This cherry pest was well controlled in its limited area of 
distribution in East Kelowna, B.C. Only one infested orchard was reported in Ontario, 


CODLING MOTH.— Little injury occurred in the Okanagan and Kootenay valleys, B.C., 
except where second-brood larvae were inadequately controlled. Weather conditions favourable 
to the insect in Ontario resulted in somewhat greater fruit injury than in 1952 in Essex County, 
but elsewhere in the Province good control was obtained. An increase in both fruit injury and 
the area affected in southwestern Quebec was reported from St. Jean. At Rougemont, Que., fruit 
injury amounted to 10 to 15 per cent in several apple orchards. Populations were reported to 
be still at a low level in the area about Quebec City and in the lower St. Lawrence Valley. 
Moderate damage occurred in a few large orchards in the Gagetown area of New Brunswick, 
and at Springhill and Keswick there was a sudden increase in populations. Damage to apples, 
although less than in 1952, was general throughout the Annapolis Valley, N.S.; the crop was 
smaller than in 1952 and more spraying was done than in recent years. 


CRANBERRY FRUITWORM— This insect was again abundant and difficult to control on 
cranberry plantings in New Brunswick. 


CURCULIONIDS.— The apple curculio caused appreciable damage in a few orchards in 
southwestern Quebec. Light infestations of the plum curculio were reported from Morden, 
Winnipeg, and St. James, Man. In Norfolk County and the Niagara and ‘Toronto-Hamilton 
districts, Ont., a prolonged period of cool, wet weather soon after petal-fall resulted in less 
effective control than usual. In general, injury was very light on apple, but more abundant 
than in 1952 on plum, peach, and apricot. It was considerably less abundant than usual in 
commercial orchards in Essex County. ‘The insect continued, as in recent years, to be a major 
pest, particularly in neglected orchards, throughout southern Quebec. Magdalis gracilis Lec. 
damaged the foliage of plum in the Arrow Park, B.C., district. The strawberry weevil caused 
severe losses in some strawberry plantings at Portage la Prairie, Man., and was also reported 
from Winnipeg. Although the insect was generally scarce in the Niagara and Toronto-Hamilton 
districts in Ontario, some injury occurred in a few plantings, and in Essex County adults were 
extremely abundant. Light to moderate injury to strawberries was reported from southern 
Quebec. In New Brunswick, the insect was of little importance, even in areas where it had 
been a major pest a few years ago. Reduced numbers and damage were reported also from Nova 
Scotia and Prince Edward Island. The root weevils Brachyrhinus ovatus (L.) and B. sulcatus (F.) 
continued to be the most important economic pests of strawberries in both the Vancouver 
Island and lower Fraser Valley areas of British Columbia. The latter species was particularly 
injurious in plantings where sawdust was used as a mulch and where sprinkler irrigation was 


practised. It was reported as injurious also at Wyndell, B.C., in the interior of the Province. ,’ 
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Some damage to strawberries occurred in Nova Scotia, especially in Yarmouth County. B. ovatus 
damaged strawberries in the Kamloops, Okanagan, and Kootenay, B.C., districts, and killed 
peonies in East Kelowna. It was commonly reported in Manitoba, a severe infestation occurring 
at Morden. 


CURRANT BORER.— This insect was again reported in light infestation at Morden, Man. 


CURRANT FRUIT FLY.— Infestations in northern Alberta were greatly reduced in many 
plantings by the use of insecticides. Normal abundance was recorded in north and northeast 
Saskatchewan and damage was reported from Regina, Redvers, and Harris. In Manitoba, 
damage was reported from Winnipeg, St. Vital, Plumas, Portage la Prairie, and Brandon, the 
insect being satisfactorily controlled at Morden. Previous reports of this insect in Ontario were 
from east and north of Toronto; in 1953 it was found west of Toronto at Clarkson in Peel 
County. 


EYE-SPOTTED BUD MOTH. Populations of this species were larger than in 1952 and 
injurious to late apple varieties in the Okanagan and Kootenay valleys, B.C. Considerable injury 
occurred in eastern Ontario orchards, but elsewhere in the Province damage was light. Severe 
damage in neglected orchards was reported from St. Hilaire, Rougemont, and Abbotsford, Que., 
and the insect was generally injurious elsewhere in the Province, where not controlled. Some- 
what reduced infestations were reported from th Springhill and Keswick areas of New Brunswick, 
the insect being generally a much less serious pest than it was a few years ago. A general 
decline in numbers was reported also from Nova Scotia, although some orchards were severely 
infested, particularly where DDT had been used for some time. In Prince Edward Island, in- 
festation was reported to be heavier than in 1952 and damage severe in some orchards. 


FRUIT TREE BORERS.— The peach tree borer appeared to be more numerous than in 
1952, especially in young orchards, in the Okanagan and Kootenay valleys, B.C., and increased 
in numbers also in the Niagara, Ont., area, especially on peach nursery stock. ‘The lesser peach 
tree borer persisted in injurious numbers in Essex County, Ont., and in British Columbia the 
peach twig borer was again of little importance. ‘The roundheaded apple tree borer occurred 
commonly in young orchards at St. Jean, Que., and was less numerous than in 1952 in New 
Brunswick. 


GRAPE BERRY MOTH.— This insect increased in abundance in both the Niagara area and 
in Essex County, Ont. In the former area it caused considerably more damage than for several 
years. 


GREEN FRUITWORMS.— Graptolitha spp. caused considerable injury to pear in Norfolk 
County, Ont., and to apple in several eastern Ontario counties, where control was inadequate. 
Smaller populations than in 1951 and 1952 caused only moderate, scattered damage in southwestern 
Quebec. A reduction in injury to apples was reported also from Nova Scotia. A light infestation 
of the lesser appleworm occurred at Morden, Man., and in this area populations of the fall canker- 
worm were very small compared with the severe outbreak of 1952. Both the latter species and the 
spring cankerworm were more prevalent than usual in eastern Ontario and in Norfolk County, 
causing moderate injury to poorly sprayed fruit trees and to nursery stock. In some areas of the 
Province all broad-leaved trees were severely defoliated in June. ‘The spring cankerworm was more 
prevalent than in 1952 at St. Jean, Que., and the fall cankerworm was observed in many orchards 
in Kings County, N.S., some of which required control measures. A decline in numbers occurred 
in Hants County, N.S. 


IMPORTED CURRANTWORM.— Many currant bushes were attacked in widely scattered 
areas of northern Alberta. In Saskatchewan, a single infestation was reported from Kelliher. 
Jight infestations were observed at Brandon and Dauphin, Man. The insect was more general 
than in recent years in Nova ‘Scotia, caused complete defoliation of gooseberries in some areas 
of Prince Edward Island, and was less numerous than in 1952 in Newfoundland, occurring only 
in a few minor infestations. 
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LEAFHOPPERS.— The bramble leafhopper, Typhlocyba tenerrima H.-S., was very numerous 
and caused extensive damage to loganberries on Vancouver Island, especially to the newly de- 
veloping canes. The winter of 1952-53 was the first in which large numbers of adults were ob- 
served to overwinter. Macropsis fuscula (Zett.), not recorded in North America until July, 1952, 
continued to spread and cause damage to loganberry plantings on Lulu Island, B.C. It caused 
an accumulation of considerable quantities of a secretion like honey dew on the fruit and foliage 
Raspberries growing nearby were not affected. The buffalo treehopper continued to cause 
considerable damage to young apple trees at Vernon, B.C., and in the St. Jean, Que., area. The 
white apple leafhopper was troublesome in apple orchards in southwestern Quebec, and in 
Nova Scotia populations remained at a comparatively low level. 


LEAF MINERS.— An unidentified leaf miner was fairly abundant in several apple orchards 
at Chateauguay and Farnham, Que., and Lithocolletis malimalifoliella Braun occurred in 
moderate numbers in some orchards in Nova Scotia. 


LEAF ROLLERS. The fruit tree leaf roller, a fairly serious orchard pest in the Okanagan 
and Kootenay, B.C., valleys, persisted in its usual numbers. In Ontario and Quebec it was of 
little economic importance in commercial orchards. The redbanded leaf roller was generally 
distributed in apple orchards in Ontario and Quebec. It was more numerous than in 1952 in 
Ontario, but caused serious injury in only a few orchards. In southwestern Quebec it was 
considered a major pest. In Nova Scotia one or more of the various leaf rollers occurred in most 
apple orchards, but usually in comparatively small numbers. The gray-banded leaf roller may 
have increased slightly. The oblique-banded leaf roller, a white-triangle leaf roller, Archips 
persicana (Fitch), and a three-lined leaf roller, Pandemis limitata (Rob.) were present in about 
the same numbers as in 1952. In most orchards the green budworm declined in numbers and 
was of little importance. Severe infestations of the oblique-banded leaf roller occurred on 
filberts in southwestern British Columbia. There were more heavy strawberry leaf roller in- 
festations than usual in Norfolk County, Ont., and small numbers of Archips obsoletana Wlkr. 
were also found. The common species was somewhat more prevalent than usual in the Toronto- 
Hamilton area, but was not unusually troublesome in the Niagara Peninsula. This species was 
reported to be a minor pest in Newfoundland. Another leaf roller, Exartema olivaceanum (Fern.), 
Was more numerous on strawberry than in previous years in the Vancouver Island, B.C., area. 
As many as 25 per cent of the leaves per plant were damaged in some plantings. The orange 
tortrix caused damage to loganberries and raspberries in the Oak Bay area, Vancouver Island; 
this was the first time this insect had been observed causing economic damage to brambles in 
Canada. It has occurred in British Columbia as a greenhouse pest since 1930. During 1952 it 
was found causing damage to peaches in the Oak Bay area for the first time. In Washington 
and Oregon, U.S.A., it has been a major pest of brambles for several years. 


MITES.— The European red mite was probably the most troublesome mite in the Okanagan 
Valley, B.C. In certain orchards of some areas, including Oliver, Penticton, Summerland, and 
Kelowna districts, there was evidence of strains resistant to organic phosphate insecticides. 
Infestation in Ontario orchards was very uneven. Moderate to heavy infestations were reported 
on apple in eastern Ontario. In the Niagara Peninsula, Norfolk Comey and Essex County, early 
infestations were generally fairly light, with a considerable build-up—in- “and “September. 
Infestation on peach and plum in the Niagara area was generatfy lighter than usual. In Quebec, 
_ this mite was a major pest in all apple-growing districts. Populations were larger than in 1952 
in the St. Jean area, especially where certain sulphur fungicides had been used, and were re- 
ported to be smaller than in 1952 in the St. Anne de la Pocatiere area. In Nova Scotia the mite 
was comparatively scarce, except for some heavy infestations in a few orchards where DDT had 
been used. Normal populations caused some damage to apple foliage in Prince Edward Island. 
An outbreak of the two-spotted spider mite occurred on strawberries grown on virgin land in 
the Keating district, Vancouver Isiand, B.C. This was the first known case in which control 
measures were necessary for this species before the picking season. The mite was of liitle 
concern in the Okanagan and Kootenay valleys, although there was an increase in numbers 
toward the end of the season. Strawberries were again infested in the Magna Bay, B.C., area. 
Raspberries were severely attacked in northern Alberta. A reduction in numbers, which began 
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in 1951, continued in Saskatchewan. The two-spotted spider mite was again generally distributed 
in peach and apple orchards in Ontario, but in only a very few cases was there any appreciable 
injury. In eastern Ontario there were heavy infestations in several apple orchards in August, 
and some defoliation resulted. A few apple orchards in the Toronto-Hamilton area were also 
heavily infested in late August by this species or the four-spotted spider mite. The species was 
of minor importance on apple at St. Jean, Que., and in Nova ‘Scotia it was not observed on apple 
and was scarce on other plants. The clover mite was of little importance in Western Canada. 
In the east it was noted in small numbers in many apple, pear, and sour cherry orchards in 
Ontario, and was general on apple in Nova Scotia, but little economic damage resuited. The 
pear leaf blister mite appeared to increase in some Okanagan and Kootenay, Bugs orchards. An 
increase was indicated also in Prince Edward Island, where slight to moderate injury occurred 
on pear trees. The Pacific mite was of little importance in British Columbia, and although it 
and Eotetranychus mcdanieli (McG.) occurred in very large numbers during the spring at 
Morden, Man., adverse weather conditions soon reduced populations to subeconomic levels. 
Populations of a predacious mite, Ty phlodromus sp., were reported to be small in this area, 
and at Grahamdale, Man., plum was infested by gall mites. In the Okanagan and Kootenay, 
B.C., areas, rust mites, Phyllocoptes spp., caused more trouble than in 1952, especially on chery 
and apple, and in some orchards were the most serious pests of the season. In these areas, too, 
a yellow spider mite, Eotetranychus carpini borealis (Ewing), caused wane during the latter 
part of the season, as in 1952. 


NITIDULIDS.— Nitidulids continued to be troublesome on raspberry in southwestern 
Ontario, but injury to corn was the lightest in many years. 


ORIENTAL FRUIT MOTH.— Infestation of peaches in Essex, Kent, and Lambton counties, 
Ont., was slightly greater than in 1952,.but losses were minor except where control measutes 
were inadequate. In the Niagara Peninsula the infestation was again at a generally low level 
and late injury on mid-season varieties was somewhat less than in 1952. However, a few orchards 
were moderately to heavily infested. 


PEAR PSYLLA.— Although widespread in the Okanagan and Kootenay, B.C., valleys, pear 
psylla was easily controlled and not troublesome. It was found at Renata, B.C., for the first 
time in the district. In the Niagara Peninsula, Ont., the insect has been increasingly difficult 
to control and was abundant in many orchards. It was not a serious pee in Essex County, Ont., 
and occurred only in moderate numbers in Nova Scotia. 


PEAR-SLUG.— Severe infestations of the pear slug occurred on young fruit trees in the 
Westbank and Oliver, B.C., areas, and on plum, cherry, and cotoneaster throughout Edmonton, 
Alta. Two infestations on plum were reported from Winnipeg, Man., and in Ontario the insect 
was of little importance on pear and cherry. At Ste. Anne de la Pocatiere, Que., an unusual out- 
break occurred on cherry and plum during the latter part of September. In Prince Edward 
Island infestation of cherry was common in neglected orchards, and damage in certain areas 
more severe than usual. Conditions in Newfoundland were comparable to those of 1952. Larvae 
of the sawfly Pristiphora californica (Mar}.) were reported to be increasing in numbers in the 
southern Okanagan Valley, B.C. 


PLANT BUGS.— Lygus spp. were generally unimportant in British Columbia, but increased 
damage to fruit was reported in the Oliver area. Strawberry beds were damaged at Morden, 
Man. In Ontario, catfacing injury was not serious in the peach-growing areas, but appreciable 
injury was done to apples in the eastern part of the Province. Some damage was reported also 
from the Rougemont and Frelighsburg districts of Quebec. In Nova Scotia, Neclygus communis 
novascotiensis Kgt. continued to be scarce and Campylomma verbasci (Meyer) caused minor 
damage to friut in some orchards. 


RASPBERRY CANE BORERS.— Injury by Oberea affinis Leng was very conspicuous in the 
form of killed and “ringed” canes in patches of wild red raspberry and wild blackberry through- 


out eastern Ontario. Little change in populations of the raspberry cane borer occurred in 


Quebec, but in New Brunswick damage was the lightest in several years. 


. 
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RASPBERRY FRUITWORMS.— Damage by Bylurus sp. was light in the southern quarter 
of Saskatchewan, and the lightest in several years at Saskatoon, Sask. A severe infestation was 
reported from Indian Head, Sask. 


RASPBERRY ROOT BORER.— This cane fruit pest continued to increase in raspberry and 
loganberry plantings in the coastal areas of British Columbia. 


RASPBERRY SAWFLY.— ‘This sawfly was of little importance in the Prairie Provinces, the 
only recorded damage being at Maple Creek, Sask., and Morden, Man. Damage was common 
but not serious throughout Nova Scotia. 


ROSE CHAIFERS.— The rose chafer was commonly reported on ornamentals, raspberry, 
erape, and other hosts in southwestern Ontario, but damage was not severe. Large numbers 
occurred also in some apple orchards in sandy soil areas at Franklin, Abbotsford, and Sabrevois, 
Que. The green rose chafer was present in large numbers on raspberry in the Smithers, B.C., 
district, but caused no damage. 


SCALE INSECTS.— Oystershell scale was reported at a very low ebb in British Columbia, and 
of little importance in commercial orchards in Ontario. In New Brunswick it was reported 
to be a serious pest in a few orchards near Woodstock, but was well controlled in the lower St. 
John Valley. Populations remained at a low level in Nova Scotia. European fruit lecanium 
was more abundant than usual on Spy apple along the north shore of Lake Ontario, and 
numerous in several plum and peach orchards in the ‘Toronto-Hamilton area. Although usually 
rare on apple in the Annapolis Valley, 'N.S., it was present in sufficient numbers in one orchard 
to discolour the fruit and occurred in large numbers in several other orchards, all of which had 
been spraved with DD'T for at least two years. San Jose scale was a fairly serious pest in the 
Keremeos-Cawston, B.C., area, and of little importance in most commercial orchards in Ontario. 
Cottony peach scale was somewhat less prevalent than in 1952 in the Niagara Peninsula, Ont. 
Lecanium sp. was reported to be little changed in status-in the Okanagan and Similkameen, B.C., 
valleys, but increased in abundance in the Creston, B.C., area. Pulvinaria sp. appeared to be 
generally reduced in numbers, and the European fruit scale less common than in 1952, in 
British Columbia. A light infestation of scurfy scale occurred at Morden, Man. 


A STRAWBERRY CHLAMISUS.— Chlamisus fragariae Brown, reported as a major pest 
pf strawberry in the Belleisle, 'N.B., area in 1951, was found only in trace numbers. 


STRAWBERRY CROWN MINER.— Severe leaf damage to strawberry in the Virden, Man., 
area was believed to have been caused by this insect. In Ontario, it caused light to moderate 
damage in a large plantation at Brantford, and was believed to have originated on plants from 
British Columbia. 


TENT CATERPILLARS AND WEBWORMS.— Fruit trees in the Chilliwack, B.C., district 
were fairly heavily infested by the western tent caterpillar. In Saskatchewan, Malacosoma spp. 
were less numerous than in 1952 and no damage was reported. Malacosoma americanum (F.) 
and M. disstria Hbn. were abundant in Hastings County, and the most severe outbreak in many 
years occurred in Prince Edward County, Ont. In the St. Jean, Que., area, many unsprayed 
orchard and other deciduous trees were completely defoliated. Populations were much smaller 
than in 1952 in New Brunswick, but still large in Nova Scotia. In the latter Province M. disstria 
decreased considerably in Kings County, but control measures were still necessary in many 
orchards in both Kings and Hants counties. Hyphantria textor Harr. continued to be very 
scarce in the Province. In Ontario, the ugly-nest caterpillar was very abundant on choke cherry 
in Norfolk County, and at St. Jean, Que., it was plentiful along roadsides. 


THRIPS.— In the Okanagan and Kootenay, B.C., valleys, thrips caused less “pansy spot” on 
MacIntosh and Spartan apples than in 1952. Thrips damage on raspberry was reported from 
St. Jean, Que., and in New Brunswick Frankliniella vaccinii Morgan occurred commonly on 
blueberry, but no heavy infestations were reported. 
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WHITE GRUBS.— A report of damage to strawberry was received from Kamsack, Sask. 
In the Niagara Peninsula, Ont., and the Grand [Lake and Washademoak, N.B., areas, damage 
to this crop was very light. Nursery stock, too, was only lightly damaged in the Niagara 
Peninsula. 


WINTER MOTH.— This recently introduced pest, Operophtera brumata (L.), was sufficient 
ly numerous on the south shore of Nova Scotia to defoliate unsprayed apple trees. 


YELLOW-NECKED CATERPILLAR. An apple orchard in Westmorland County, 'N.B., was 
practically defoliated by an outbreak of this insect. . 


PREDATORS OF ORCHARDS PESTS.— In Nova Scotia, predacious mirids, thrips, and mites 
were about as numerous as in 1952. Haplothrips faurei Hood was commonly found and was 
somewhat more abundant than in 1952; the other predacious thrips, Leptothrips mali (Fitch), 
although not nearly as numerous, was also general in distribution. The most commonly occur- 
ring mirids and anthocorids were Hyaliodes harti Knight and Anthocoris musculus (Say). 
H. harti was again abundant in a great many orchards. The occurrence of A. musculus re- 
mained about the same as in 1952. Predacious mites, Typhlodromus spp., which prey on the 
European red mite and other mites, continued to be general in distribution and occurred in 
about the same numbers as in 1952. Anystis agilis Banks, another predacious mite, formerly 
found only in unsprayed apple trees, has been appearing in many commercial orchards since 
the adoption of less harmful spray schedules. Coccinellids were present in about average numbers 
and were important in keeping apple aphids under control. Aphid-lions (Chrysopidae) and 
syrphid flies also occurred in about average numbers. 


INSECTS AFFECTING GREENHOUSE AND ORNAMENTAL PLANTS 


APHIDS.— Reports of aphid damage were scarce in Saskatchewan, but begonias were injured 
at Grenfell, and delphinium in a few gardens at Saskatoon. In Manitoba, aphids were unusually 
abundant on ornamentals. ‘Fhe melon aphid was injurious to cucumber in several greenhouses 
in the Leamington, Ont., area during March and April. In the Edmunston, N.B., area, Myzus 
circumflexus (Buck.) was injurious to house plants. 


BLACK VINE WEEVIL.— This weevil damaged begonias in a greenhouse at Winnipeg, 
Man.; and at Ottawa, Ont., foundation plantings of Taxus sp. were again infested, and adults 
damaged English ivy in a dwelling. 


CHRYSOMELID ON DAHLIA.— Calligrapha c. californica Linell fed on the foliage of 
dahlia in a garden at Boswell, B.C. 


COLUMBINE INSECTS.— Small numbers of the columbine borer were reported from 
Manitoba, and of a leaf miner, Phytomyza aquilegiae Hdy., at Marmora, Ont. 


FOUR-LINED PLANT BUG.— Nymphs and adults of the four-lined plant bug were trouble- 
some in a number of flower gardens and borders in the southern part of Essex County, Ont. 


GEOMETRID ON JUNIPER.— Larvae of Thera proctert Brower caused slight to moderate 
damage to Savin juniper in Ottawa, Ont. The insect has become almost an annual pest, but 
recently has caused much less damage than in 1946 and 1947, when damaged shrubs winterkilled. 


GREENHOUSE WHITEFLY.— This greenhouse pest occurred commonly in Winnipeg, Man.; 
was occasionally reported in New Brunswick; and in Essex County, Ont., caused moderate 
damage to fall tomato crops in greenhouses. 


IMPORTED CABBAGEWORM ON NASTURTIUM.— A heavy infestation of larvae of the 
imported cabbageworm occurred on nasturtium in a garden near Edmonton, Alta. This was the 
first local record of this nature, although eggs had been observed on nasturtium elsewhere in 


the Province. 
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LEAFHOPPERS.— The rose leafhopper occurred commonly at Vernon, B.C., and Erythro 
neura sp., probably ziczac Waish, as usual, caused moderate to severe damage to Virginia creeper, 
reports being received from Vernon, B.C., and Saskatoon, Dunfermline, and Scott, Sask. 


LILAC INSECTS.— ‘The liiac leaf rainer was commonly reported wherever lilac was grown 
in Eastern Canada. The lilac borer, frequently reported in the Winnipeg, Man., area in 1952, 
was not reported in 1953. 


MITES.— In Manitoba, the cyclamen mite was a pest in greenhouses at Winnipeg and 
Morden, and Eotetranychus pacificus (McG.) and E. mcdanieli (McG.) were abundant on petunia, 
carnation, pansy, and sweet pea throughout the Winnipeg area. In Essex County, Ont., the 
two-spotted mite caused severe damage in greenhouses, where poorly controlled, and mites of 
the two-spotted complex injured evergreens and many varieties of deciduous shrubs and flowers 
throughout the summer. The tomato russet mite was found on tomatoes in two greenhouses 
during November and December, but in neither case was injury of economic importance. The 
only previous outbreak of this pest on greenhouse tomatoes was recorded in the Harrow-Leaming- 
ton area, Ont., in January, 1952. In New Brunswick, roses were extensively damaged by mites 
in the Hartland area. 


NARCISSUS BULB FLY.— Although the weather was unusually dull and wet in southwestern 
British Columbia, infestation by the narcissus bulb fly in some cases reached a level of 50 per 
cent where control measures were inadequate. In the interior of the Province, infestation of 
daffodils was reported from Penticton and Vernon. 


PAINTED-LADY.— Larvae of this insect caused minor damage to hollyhock at Maple 
Creek, Sask. 


ROSE INSECTS.— Rose curculio was commonly reported in Vernon, B.C., was not reported 
in Saskatchewan, and was reported in small to medium numbers at Morden, Crystal City, and 
Brandon, Man. Wild roses also were generally infested in Manitoba. In Saskatchewan an un- 
identified cynipid gall wa’ more numerous than for many years at Beadle, Pike Lake, Swift 
Current, and Saskatoon. 


SCALE INSECTS.— In Saskatchewan, scale insects were reported on ferns at Englefield, on 
oleander at Melville, and on African violet at Moose Jaw. In Essex County, Ont., inquiries were 
received regarding the control of oystershell scale, San Jose scale, terrapin scale, and rose scale 
during the summer. Oystershell scale occurred fairly commonly on fruit trees and ornamentals 
ip extreme southwestern Ontario and was observed in severe infestation numbers in an area 
near Cedar Springs. Juniper scale was common on many species and varieties of ornamental 
juniper in Ontario. Considerable injury occurred on certain varieties, but others appeared to 
tolerate moderate infestations. Aspidiotus nerii Bouché was reported attacking English ivy at 
St. John, N.B. 


THRIPS.— The gladiolus thrips was prevalent in Manitoba, in many cases invading gardens 
to) fo} <3) 
from neighbouring lots where corms had not been treated for thrips. Onion thrips occurred on 
cucumber in several greenhouses in Essex County, Ont., during March and April. 


INSECTS ATTACKING MAN AND LIVESTOCK 


A BAT BUG.— An outbreak of Cimex pilosellus (Horv.) was observed in a poultry house 
and in a barn at Riviere-Ouelle, Kamouraska County, Que., and specimens were received from 
Prockville, Ont. 


BED BUG.— Single infestations were recorded from New Westminster and Lumby, B.C.; 
one from (Lethbridge, Alta.; one each from Jasmin and Mervin, and three from Saskatoon, Sask.; 
one from Brandon, Man.; one each from New Lowell, London, and Warren, and five from 
Ottawa, Ont.; and one from Gatineau Mills, Que. 
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BLACK FLIES.— An infestation of Simulium arcticum Mall. in an area confined to a small 
valley near the Monashee Pass, B.C., was severe in 1951 and 1952. Control measures were 
applied in 1953 and the pest was of negligible proportions. Black flies continued to be a pest 
at Mt. Seymour Park, near Vancouver. In Saskatchewan, an outbreak in June of S. arcticum, 
from the Saskatchewan River near Prince Albert, killed two bulls and injured other livestock. 
Elsewhere this species was not abundant. Minor outbreaks of S$. meridionale Riley from the 
South Saskatchewan and Red Deer rivers in late August alarmed some livestock owners, but no 
damage was reported. S. vittatwm Zett. was locally abundant early in the spring near a few 
streams in central Saskatchewan, and late in the summer near irrigation drainage ditches in 
southern Alberta. In the Souris River, Man., a moderate infestation of larvae of Simulium 
venustum Say occurred in the Melita area and a heavy infestation at Bunclody. Adults emerged 
at two periods, as a result of an intervening cold spell that delayed larval development. Good 
control of the later hatch was obtained by the use of DDT, but some of the early-maturing 
larvae pupated before control measures were applied. Simuliwm spp. were a serious pest of 
livestock and man in Hastings County, Ont., during a short period in May; flight terminated 
abruptly, however, except in certain districts where conditions were exceptional. In the Cordova, 
Ont., area, older residents described the flight as the greatest in memory. In Newfoundland 
black fly populations were reported to be larger than in 1952 and of major importance. 


BLACK WIDOW SPIDER.— Although this species was common in the interior of British 
Columbia, and a source of considerable concern to many, no reports of bites were received. In 
Saskatchewan a single report was received from Artland. 


BLOW FLIES AND FLESH FLIES.— In British Columbia, larvae of Sarcophaga citellivora 
Shew. caused myiasis in kittens and infested ground squirrels, and Wohlfahrtia sp. infested 
a puppy, at Kamloops. Species of the latter genus also infested a baby at Penticton, and a baby 
and a litter of very young puppies at Vernon. A severe outbreak of myiasis in sheep, probably 
caused by Phormia regina (Mg.), occurred in the Agassiz area. In northern Alberta four cases 
of infant myiasis caused by Wohlfahrtia opaca (Coq.) were reported from the Picture Butte 
area. Infestation of a kitten was also reported. In Ontario, a case of skin infestation in an 
infant by larvae of Wohlfahrtia vigil (Walk.) was reported from Ottawa. Boil-like lesions occur- 
red on the face, arms, and chest in all cases of infant infestation reported. In Newfoundland, 
an estimated 20 per cent of the sheep population in the Bell Island and Conception Bay areas 
were affected by cutaneous myiasis, believed to have been caused by the English sheep-wool - 
maggot, Phaenicia sericata (Mg.). Some mortality resulted from the infestation, which was the 
first recorded in the Province. 


CATTLE GRUBS.— On the basis of samples of 30 calves taken from two herds in the 
Kamloops, B.C., district, an average of 29.7 larvae of the common cattle erub per animal emerged 
from the backs. A natural mortality of 48.4 per cent occurred before emergence. This compares 
favourably with an average of 34.7 grubs per animal emerging in 1952, and with the average of 
34.9 grubs per animal emerging from 1947 to 1952. The average number of larvae of the 
northern cattle grub emerging from the same samples was 3.5 per animal. No earlier figures were 
available for comparison. In Manitoba, some 288,000 cattle were treated for contro] of cattle 
grubs. A case of human myiasis caused by Hypoderma sp. in a child was reported during late 
winter from northern Alberta. 


CHORIOPTIC MANGE.— Infestations of chorioptic mange were reported in cattle herds as 
follows: Alberta, 1; Manitoba, 4; Ontario, 8; Quebec, 1; New Brunswick, 2; Nova Scotia, 1. 


FLEAS.— In British Columbia, many inquiries regarding infestations of Ctenocephalides spp., 
on cats and dogs, were received at Vancouver. An outbreak of these species occurred in a new 
residental area near Edmonton, Alta., reports indicating that the fleas were developing in sand 
and gravel on freshly surfaced roads. Infestations in Ontario were reported as follows: Ottawa, 
26; Simcoe, 1; Port Hope, 1; Sarnia, 1. Chicken fleas, Ceratophyllus sp., were reported attacking 
humans on several occasions in northern Alberta, and at Marchwell, Sask., caused annoyance 
to children. 
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HORN FLY.— This livestock pest persisted in normal numbers throughout most areas of 
Canada. In northern Alberta the severe outbreak of 1951 subsided entirely. 


LICE.— Cattle lice were fairly commonly reported. ‘The crab louse was reported from Saska- 
toon, Sask., and Ottawa, Ont., and Goniodes pavonis (L.) occurred on peacocks in Assiniboine 
Park, Winnipeg, Man. . 


MITES.— The chicken mite was commonly reported. The northern fowl mite infested poultry 
at Neepawa and Charleswood, Man., and bird mites, probably Dermanyssidae, forced the in- 
habitants from a dwelling at Glidden, Sask., and caused a severe skin rash on a woman at Ottawa, 
Ont. Both infestations originated in birds’ nests. Bird mites were alsc reported to be common 
household pests in Vancouver, B.C. 


MOSQUITOES.— In southwestern British Columbia, dedes spp. of snowpool origin were 
much reduced in numbers, after a winter of abnormally light snowfall. For the same reason, 
spring flood. levels were much lower than usual and in most flood-water regions species were of 
average importance or less. For the first time in its history, the City of Edmonton, Alta., under- 
took an extensive mosquito control campaign. Weather conditions hampered operations and, 
though nearly 100 per cent mortality was obtained in treated waters, mosquitoes were locally 
abundant during June. Exceptionally heavy rains during the latter half of July caused extensive 
flooding and an abnormally large hatch of eggs, particularly of dedes vexans (Mg.). In con- 
sequence, mosquitoes were believed to have been more abundant during August than they had 
ever been at any season of the year. Mosquitoes were again abundant over the entire agricultural 
area of Saskatchewan, although emergence was later than average. Species causing greatest 
concern in the southern half of the area were Aedes spencerii (Vheo.), A. campestris D. & K., 
A, flavescens (Miiller), A. dorsalis (Mg.), and 4. vexans (Mg.). A. dorsalis and A. vexans were 
prevalent as late as August as a result of rains in late summer. ‘The northern portion of the 
agricultural area was pestered by Aedes flavescens, A. campestris, A. cinereus Mg., A. fitchii 
(F. & Y.), and 4. excrucians (Walk.). Adults and larvae of Culiseta inornata (Will.) were more 
numerous than usual in the Saskatoon, Regina, and Swift Current areas. Adults of Anopheles 
earlei Vargas appeared to be more abundant than usual in the Pike Lake district, causing con- 
siderable annoyance to man and livestock in very early spring, and residents reported that 
they had been bitten periodically by this mosquito throughout the winter. This species was also 
taken at North Battleford and Prince Albert during the latter half of April. In Manitoba, too, 
mosquitoes, chiefly A. spencerit, A. vexans, and A. dorsalis, were unusually abundant and trouble- 
some because of heavy rains and large amounts of stagnant water. In Ontario, mosquito popu- 
lations were the largest in several years in southwestern districts, and persisted in eastern areas 
during most of the summer. The presence of predacious mosquito larvae, Chaoborus sp., in the 
Chatham water supply caused some concern in October. No severe outbreaks were reported from 
the more easterly areas of Canada. 


STABLE FLY.— This irritating pest of man and livestock was commonly observed in Man- 
itoba, and particularly abundant in resort areas along Lake Erie, Ont. 


TABANIDS.— Populations of Tabanus spp. and Chrysops spp. were more or less normal in 
Saskatchewan and in the St. Lawrence Gulf provinces. In Ontario they were considerably re- 
duced from their numbers in 1952 in extreme southwestern areas, but were very numerous in 
eastern areas. 


TICKS.— Dermacentor andersoni Stiles, in the free-living stage on grasses, was considerably 
more numerous than in 1952 in British Columbia. New sites of high concentration were found 
in the Stump Lake area, south of Kamloops. The infestations at Rayleigh, north of Kamloops, 
remained low, whereas they had been high until 1952. Despite the increase in active tick popu- 
lations, fewer cases of infestation and paralysis of cattle and sheep were reported than in 1952. 
This may have been a result of warm, dry weather. Several cases of infestation of children, 
including two of paralysis, were reported at Kamloops. One death resulted when a young girl 
became infested near Vernon, and the resulting paralysis was mistakenly diagnosed as polio- 
‘myelitis on her return to her home at Edmonton, Alta. Increased numbers of D. andersoni were 
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reported from Elbow, Sask. Larval populations of Dermacentor albipictus (Pack.) remained 
high in the southern Cariboo, B.C. Surveys between Clinton and Williams Lake showed larger 
populations than in the Kamloops district. Despite clement winter and spring weather, heavily 
infested dead moose were reported from the district, with particularly high concentrations in 
the Prince George district about 100 miles north of the surveyed area. Casual examination of 
deer from the North Thompson, B.C., area, in 1952, revealed only one animal infested with the 
spinose ear tick, Otobius megnini (Duges). A survey in 1951 had revealed 15 per cent infestation. 
None were found in 1953. A lack of reports indicated that Ixodes pacificus C. & K. was scarce 
in residential areas of southwestern British Columbia. Dermacentor variabilis (Say) occurred 
commonly in Manitoba. Two reports of tick infestations on dogs were received from the 
Ottawa, Ont., area. 


WASPS.—Wasps were particularly abundant in the Okanagan Valley, B.C., and in northern 
Alberta. In Saskatchewan reports were scarce. Vespula maculata (L.) and Vespula spp. were 
common in Manitoba, the former being observed feeding extensively on adult tabanids at 
Wanless. Complaints of nests about dwellings and wasps in buildings and playgrounds were 
numerous in the Ottawa, Ont., area. A slight increase in populations of Vespula vulgaris (L.) 
was reported from Newfoundland. 


HOUSEHOLD INSECTS 


ANTS.— Of the various ant species reported, carpenter ants, Camponotus spp., continued 
to be by far the greatest offenders as pests of houses and other building structures from coast 
to voast. Some 60 complaints, mainly of local origin, were received at Ottawa; and at Chatham, 
Ont., at least 50 per cent of all reports of ant infestations referred to carpenter ants. The 
pharaoh ant occurred in a severe outbreak in a military hospital at Vancouver, B.C., and was 
commonly reported in Ontario, Quebec, and Prince Edward Island. Large numbers of Formica 
obscuripes Forel invaded colonies of bees at Langruth, Man., and fed on the honey. Lasius niger 
neoniger Emery occurred in the studding of a Vancouver, B.C., dwelling. Specimens of Cremato- 
gaster lineolata Say were received from Owen Sound, Ont. The thief ant was recorded at Ottawa, 
Ont., and throughout the country innumerable infestations, not identified as to species, occurred 
in buildings, lawns, gardens, and golf courses. 


BAGWORMS.— Specimens of Solenobia sp. were received from a ‘Toronto resident who had 
feund them in some numbers on windows. The insect normally lives on the bark of trees. 


BOOKLOUSE.— Liposcelis divinatorius (Miull.) was occasionally reported in dwellings at 
Vancouver, B.C., and Ottawa, Ont., and was more abundant than usual, especially in new homes, 
in northern Alberta. ° 


BOXELDER BUG.— Invasion of dwellings by this insect was commonly reported during late 
fall and early spring in British Columbia. The insect was more abundant than for many years 
in Saskatchewan, mainly in central and west-central districts. ‘Several reports were received in 
Manitoba, and many reports in Ontario, chiefly in southwestern areas. 


CARPET BEETLES.— Recent records on carpet beetles in British Columbia revealed that 
the varied carpet beetle is not only by far the most prevalent species in the southern part of the 
Province but the most important household pest as well. Elsewhere in Canada it has been 
only occasionally recorded. The black carpet beetle, as usual, was a serious pest throughout 
the country. It was moderately common in British Columbia, but in northern Alberta was 
reported as having almost replaced the clothes moth as a pest of fabrics. Records were numerous 
and general in Saskatchewan, Manitoba, and Eastern Canada, where, as in Alberta, it was 
believed to have surpassed clothes moths as a household pest. Anthrenus scrophulariae (L.), 
moderately common in most of Eastern Canada, was fairly numerous in Prince Edward Island. 


CLOTHES MOTHS. Reports of fabric damage by clothes moths were autnumbered by 
those of carpet beetles by about five to one at Vancouver, B.C., and Ottawa, Ont. ‘The webbing 
and casemaking species were both commonly reported, the latter outnumbering the former two 
to one at Vancouver, B.C. 
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CLUSTER FLY.— Hibernating adults were commonly reported in British Columbia and 
Ontario. None were reported from the Prairie Provinces and records from the St. Lawrence 
Gulf provinces were scarce. 


COCKROACHES.— The German cockroach continued to be a common pest, particularly in 
eating establishments throughout the country, but its importance has waned somewhat in recent 
years with the introduction of more specific insecticides. Parcoblatta pennsylvanica (Deg.) 
occurred fairly commonly in cabins and summer cottages throughout many rocky, lightly wooded 
areas of Ontario and Quebec. The oriental cockroach was recorded from Toronto and Ottawa, 
Ont., and St. John’s, Nfld. 


CRICKETS.— A few infestations of the house cricket were reported in Ontario, one in a large 
apartment building at Ottawa being rather severe. Camel crickets, Ceuthophilus sp., were 
frequently reported in basements of new dwellings in Alberta, and occurred commonly in base- 
ments of dwellings in the Ottawa Valley. 


CURCULIONIDS.— The strawberry root weevil was commonly reported as a household pest 
from Alberta eastward. The black vine weevil occurred in some numbers in a dwelling at 
Ganonoque, Ont. 


FRUIT FLIES.— A severe infestation of Drosophila repleta Woll. occurred in a large, modern 
cafeteria in Ottawa, an exhaustive search failing to reveal the breeding source; the breeding 
habits of this species are not definitely known. 


HOUSE CENTIPEDE.— Specimens of this predator were received from several buildings in 
Ottawa and Picton, Ont. 


HOUSE FLY. Larger populations and increasing difficulty in control were reported from 
some sections of British Columbia, most areas of Ontario, and many areas of Quebec. Average 
or below-average numbers were reported from (Saskatoon, Sask., Manitoba, Prince Edward Island, 
and Newfoundland. 


LADY BEETLES.— Large numbers of hibernating adults of the two-spotted lady beetle in- 
vaded many dwellings in the Ottawa, Ont., district during the fall. 


LARDER BEETLE.— This dermestid was reported by several residents of Ontario and 
Quebec. In one instance the larvae were working in Ten-Test wall board. 


MASKED HUNTER.— Specimens were received from Ottawa, Brockville, and ‘Trenton, Ont. 


MITES.— The clover mite was reported to have invaded a home at Penticton, B.C.; was 
a common house pest in Alberta; and entered houses and other buildings in very large numbers 
in Swift Current, Moose Jaw, Primate, Canuck, Yorkton, and Saskatoon, Sask., and Souries and 
Winnipeg, Man. It was also frequently reported as a pest of buildings in Ontario and Quebec, 
returning periodically throughout the season to some houses in extreme southwestern Ontario. 


A MUSCID.— Since the muscid Musca autumnalis Deg. was first recorded in Canada at 
Middleton, N.S., in 1952, a limited survey has revealed its presence in smaller numbers at Bridge- 
town, Kingston, Lawrencetown, Victoria Vale, Yarmouth, Kentville, and intermediate points 
in the Province. 


PARSNIP WEBWORM.— Hibernating adults of this insect were reported as being a nuisance 
in dwellings at Ottawa and Trenton, Ont. 


A SCAVENGER BEETLE.— WNitidula bipunctata (L.) occurred in some numbers in a 
Montreal, Que., dwelling. 


SEWAGE FLIES.— A particularly iarge flight of Psychodidae occurred in April at Salmon 
Arm, B.C. They were attracted to street lights in countless thousands. Species of this family 
occasionally infest overflow cutlets and drain pipes in wash basins and bath tubs. 
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SILVERFISH.— The firebrat was reported to be spreading and increasing in numbers in 
Vancouver, B.C. It occurred in an extensive infestation in two 15-family apartment blocks at 
Trenton, Ont., and was commonly reported in Quebec. Lepisma saccharina L. was reported 
from Ontario, Prince Edward Island, and Newfoundland. Unspecified infestations of Lepismidae 
were reported from dwellings, stores, institutions, offices, laboratories, and a cleaning plant, at 
various points throughout Canada. 


SPIDER BEETLES.— Ptinus spp. were commonly reported in Vancouver homes and in 
a dwelling at Langley Prairie, B.C. Ptinus raptor Sturm occurred in some numbers in a dwelling 
in Quebec, Que. 


TENT CATERPILLARS.— The forest tent caterpillar continued to be a nuisance on and 
about dwellings in the Ottawa Valley, and the native parasite Sarcophaga aldrichi Park. was even 
a greater nuisance than in 1952 in some areas, soiling washings hung out to dry and alighting 
on the exposed parts of workers, bathers, vacationists, and others engaged in outdoor activities. 


TERMITES.— Zootermopsis angusticollis (Hagen), a rather rare non-subterranean termite, 
infested a pulp mill at Port Alberni, B.C., attacking practically all parts of the building. An 
infestation of this species had been found in 1952 in a sash and door warehouse in Vancouver. 
Reports of Reticulitermes sp. were fairly numerous in Vancouver, and a frame house was exten- 
sively damaged at Kelowna, B.C. A survey of the general area infested by R. flavipes (Koll.) in 
Toronto, Ont., revealed no new outbreaks and only slight extensions in the area previously 
known to be infested. 


WOOD BORERS.— Adults of Xylotrechus undulatus (Say) emerged from the flooring of 
a house at Lumby, B.C., and were found in the flooring of a schoolhouse at Kentville, Man., 
the school having been built four years previously. The wharf borer occurred in ‘the washroom 
of a factory at Smiths Fells, and in a plant nursery at Owen Sound, Ont., and in dwellings in 
Hull, Que., and Yarmouth, N.S. Adult cerambycids emerged from wood used in the construction 
of several new dwellings in Saskatchewan. Pentarthrum huttoni Woll., first reported in Canada 
from Quebec, Que., in 1952, was found in flooring at four other locations in the city in 1953. 
Buprestis aurulenta L. damaged flooring in a house in Vancouver, B.C. The elm borer emerged 
from firewood in the basement of an Ottawa, Ont., residence. Sirex cyaneus F. was found 
emerging from birch plywood panelling in a new office in Vancouver. 


Powder-post beetles were commonly reported as causing extensive damage in many provinces. 
Habrobregmus destructor Fischer caused the collapse of an old house in Victoria, B.C., and was 
known to be infesting many others. Stephanopachys sp. probably swbstriatus (Payk.), was re- 
ported from Winnipeg, Man. Dinoderus minutus (Fab.) was found in imported bamboo stakes 
used in greenhouses at Toronto, Ont. Recent survey work in western areas of southern Ontario, 
carried out from the Ontario Agricultural College, Guelph, revealed the following species of 
Anobiidae and Lyctidae: Platybregmus canadensis Fischer, Habrobregmus carinatus (Say), 
Ernobius mollis (L.), Xyletinus peltatus (Harris), Lyctus planicollis 'Lec., Anobium punctatum 
(Deg.), Ptilinus ruficornis Say, and Trypopitys sericeus (Say). 


STORED PRODUCT INSECTS 


STORED GRAIN INSECTS.— The most serious stored product insect problems in Western 
Canada were those associated with stored grain. Some extensive infestations of the rusty grain 
beetle occurred in country elevators in the fall of 1952. ‘This was followed by a series of in- 
festations in grain stored in both country elevators and on the farms, especially in Saskatchewan 
and Alberta, during the winter months. With the coming of warm weather in 1953, additional 
reports of infestation were received, including a few in elevators at Vancouver and New West- 
minster, B.C., and grain mites and fungus beetles, Cryptophagus spp., became increasingly im- 
portant. A few infestations of the saw-toothed grain beetle, the foreign grain beetle, Anthicus 
floralis (L.), Collembola, and other minor pests were reported. The situation in the fall of 1953 
was ereatly improved. Most farmers provided adequate storage facilities for their crops and less 
than five per cent was still in the field at the end of 1953. The crop was harvested under favour- 
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able weather conditions and almost all grain was dry when stored. Some infestations of the 
granary weevil, the rice weevil, and the rusty grain beetle in wheat from Eastern Canada were 
reported in December, 1953. 


In British Columbja terminal elevators at Vancouver and New Westminster, the granary 
weevil was encountered most frequently, but in small numbers. In addition, in these elevators 
and at Victoria, the following insects were found feeding on accumulations of grain dust: the 
white-shouldered house moth, Endrosis lacteella (Schiff.); the brown house moth, Hofmannophila 
pseudospretella (Staint.); Ptinus ocellus Brown [= P. tectus auct.], P. fur L., Eurostus hilleri 
(Reit.), the yellow mealworm, psocids, and mites. In the Creston elevators, the granary weevil, 
the yellow mealworm, and the black carpet beetle were found. 


-MILL AND FEED WAREHOUSE INSECTS.— In flour mills throughout Canada, the con- 
fused flour beetle and the flat grain beetle were the most troublesome pests. Occasionally the 
Mediterranean flour moth was associated with them, especially in coastal areas of British Columbia. 
In the interior of the Province, the black carpet beetle was the most common beetle in cereal 
warehouses. In four warehouses on the prairies the hairy spider beetle was present in some 
numbers. Spider beetles were also reported as troublesome in Newfoundland. Ptinus ocellus 
Brown was the most important warehouse pest on the Pacific coast and occurred commonly in 
the interior of British Columbia. Infestations of the white-shouldered house moth, the brown 
house moth, the granary weevil, the cadelle, and the varied carpet beetle occurred in warehouses 
in Vancouver and other coast points, and the meal moth, at Grand Forks, Kamloops, and 
Kelowna, B.C. Aphomia gularis Zell. was reported from Vancouver and Victoria. The yellow 
mealworm occurred fairly commonly in the Province. In Ontario granaries, a fungus beetle, 
Typhaea stercorea (L.), caused concern to many farmers, and the granary weevil was commonly 
reported. The yellow mealworm was a pest in several flour mills in Quebec. 


BEAN WEEVIL.— This bean pest was commonly reported in Quebec and New Brunswick. 


CIGARETTE BEETLE.— Extensive infestations were reported in a tobacco warehouse at 
Montreal, Que., and in an organic chemistry laboratory at Ottawa, Ont. In addition, two in- 
festations in upholstered furniture were reported in Ontario. 


CONFUSED FLOUR BEETLE.— This insect was a pest in the malt mill of a Vancouver 


B.C., brewery, and was recorded from dwellings in Saskatchewan, Manitoba, and Ontario. - 


DERMESTIDS.— The larder beetle was commonly reported as a household pest from coast 
to coast, and the hide beetle was found on meat scraps in a New Westminster, B.C., feed ware- 
house, and was intercepted at Toronto, Ont., in a settler’s effects from Italy. Trogoderma sp. 
occurred in pancake flour at London, Ont. 


DRUG-STORE BEETLE— Reports of infestations of this beetle in foods and spices in 


_ dwellings, stores, and bakeries were fairly numerous from nearly all provinces. At Arnprior, Ont., 


‘feather pillows were infested. 


A FLOUR BEETLE.— Tribolium destructor Uytten. was recorded for the first time in the 
City at Ottawa, Ont., where it occurred in a dwelling. 


INDIAN-MEAL MOTH.— This stored food pest was rather commonly reported, particularly 
in British Columbia. 


A PARASITE OF STORED PRODUCT INSECTS.— Specimens of Lariophagus distinguendus 
(Foerst.) were collected in powdered egg white in a Toronto, Ont., processing plant. The insect 
is a primary parasite of several stored product insects. 


A PEA WEEVIL.—Callosobruchus chinensis (L.), commonly called the cow pea weevil in 
some countries, was intercepted at Toronto, Ont., in household effects from Japan. It is 
a southern species found mainly in field peas, and occasionally in beans. 
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SAW-TOOTHED GRAIN BEETLE.— Infestations of this beetle in stores and kitchens were 
commonly reported in Western Canada and in the St. Lawrence Gulf provinces. In Ontario 
and Quebec it continued to be the most frequently recorded pest of food materials in such 
locations. ; 


WAX MOTH.— Galleria mellonella (L.) occurred commonly in bee hives in Hastings County, 
Ont., especially where the colonies were weakened by arsenicals. In one instance heavy para- 
sitism of the insect was observed. Specimens of the wax moth were taken also in a house at 
Manotick, Ont., where bees had built a nest in an unused chimney. 
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PROCEEDINGS OF THE NINETIETH ANNUAL MEETING 
ENTOMOLOGICAL SOCIETY OF ONTARIO 


The 90th Annual Meeting of the Entomological Society of Ontario was called to order by 
President G. F. Manson at 9:30 a.m., November 17th in Room 234, Science Building, University 
of Western Ontario, London, Ontario. 


During the two day meetings, Dr. B. N. Smallman, Professor A. S. West, G. Wishart, and 
Dr. H. Martin acted as Session Chairmen, presiding over the presentation and discussion of 
some forty papers. At the reception and banquet held in the Jordan Room, Hotel London, 
on the evening of the 18th, Dr. G. E. Hall, President of the University of Western Ontario, 
spoke on “The Role of the Entomologist in the Modern World”. 


At the business meeting on the morning of November 17th, the report of the Secretary- 
Treasurer was read and the financial statement presented and approved. 


FINANCIAL STATEMENT 
Year Ending October 31, 1953 


RECEIPTS EXPEN DPLURES 
TEES > SS peer ge ee re a Oe ee aS § 575.27 Printincs the tGan. Bint et oe $ 669.15 
Covenmment Granola... kei eeke 360.00 DUIS TANGY we Beeas (seagate ae oe 326.46 
"EVEUGUC LINITUICD Of Ss gi ge ee eee pee 21.00 Banke Px Ghiamgey ae: cna eee eee 10.19 
Miscellaneous (bank interest, etc.).. 40.66 PO SUAG Cab ose erent ae ct atin. es AYR Re ane 50.15 
———— Miscellaneous (Stationery) .............. 34.73 
He SOLO Bak ei katy Danie ALA pea gar nine Shas Vigo DE ee eee 
$1090.68 
Bank Balance Less outstanding cheques 
October 31, 1953. ........ $933.31 October 31, .1953. ........ $ 12.00 
Less cheques outstanding 8.98 20.98 
October Sb °1953. 20. 17.05 C NUG 2 By Re ace gs pl Ub atl ad intake Sa RR g! gil pyar 
SS $1069.70 
$1853.19 Bank Balance 
November go sal 953s. ttaeret 783.49 
$1853.19 
R. CG. Cooke, Rec. H. Ozpurn, 
C. J. PAYTON Secretary- Treasurer. 


At the business session held at the close of the meeting of the second day the Chairman 
announced that the invitation extended by Dr. J. MacBain Cameron, Laboratory of Insect 
Pathology and R. M. Belyea, Forest Insect Laboratory, Sault Ste. Marie, had been accepted and 
that the 91st Annual Meeting would be held there early in November. An invitation was ex- 
tended to the National Society to hold its meeting jointly with the Ontario Society at Sault 
Ste. Marie. The revised constitution was approved. 


The following reports were presented and adopted: 


REPORT OF THE NOMINATIONS COMMITTEE 


The following members are proposed as officers of the Entomological Society of Ontario 
for 1954: 

B. N. Smallman; R. H. Ozburn; A. M. Heimpel; H. R. Boyce; W. C. Allan; G. Wishart; 

B. P. Beirne. 

For Auditors for the same period: 

R. C. Cooke, C. J. Payton — Province of Ontario Savings Bank, Guelph. 


Respectfully submitted, 


G. S. Walley; H. L. House; A. S. West; 
H. R. Boyce; W. E. Heming, Chairman. 
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REPORT OF RESOLUTIONS COMMITTEE 


(1) Resolved that the Entomological Society of Ontario hereby express its appreciation to 


(2) 


Dr. G. E. Hall, president of the University of Western Ontario, for the use of the excellent 
facilities provided during the 90th Annual Meeting of the Society. 


Resolved that the Society express its appreciation to Dr. G. E. Hall for his very fine address on 
“The role of the entomoiogist in the modern world.” 


Resolved that our sincere thanks be exvoressed to Dr. Martin and his staff, for a most enter- 
taining and instructive evening at the Science Service Laboratory. 


Resolved that our thanks be expressed to the Programme Committee for the excellent 
arrangement of the programme and for its masterful handiing by the chairmen. 


Resolved that the Society express especial thanks to Dr. E. J. Hambleton, Mr. B. W. Flieger, 
Dr. H. E. Gray and Dr. A. W. A. Brown for their presentation of the symposium “Recent 
large-scale operations in insect control.” 


Resolved that the Secretary forward to Professor A. W. Baker, President of the Entomological 
Society of Canada, a letter expressing our best wishes for a speedy recovery from his recent 
illness. 


Resolved that the sincere thanks of the Society be extended to Dr. A. W. A. Brown and 
to Dr. B. N. Smallman and others at London for their efforts on behalf of the Annual Meeting. 


G. G. Dustan, J. R. Blais, H. B. Wressell, 
A. M. Heimpel, R. W. Fisher, Chairman. 


MEMBERS AND GUESTS REGISTERED 
AT THE NINETIETH ANNUAL MEETING, 


ENTOMOLOGICAL SOCIETY OF ONTARIO, NOVEMBER 17 ann 18, 1953 
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MAI ES Remo! LP Nis ok ee lee ee Ae 136 Apis mellifera 2.3....55.. 101 
Alphitobias Appleworm 
CEL CTAB ES: = 9 NPE Hs So) ee Veda eo Seas 74 lesser | °...20..2.0.8). 23 er 138 
Anaphothrips Archips 
SIPC TES ae? i a. en dca fea th ee ec ES 131 obsoletana® «oi... nn 139 
EDT RED TS ae Ree 111-112, 114-115, 130 PeTSICONG. 05. ee 139 
CEI OB NIT IS iheaiis Sap ton Sie ede one Sater xe ae 111-113 Aspidiotus 
Anguina NET > ek ee 143 
ALO USI) ROI fet ee Se Mes Oe NERS eo 127 Athous afjints -.....200.... hee 126 
ANTE DICE Te OC ae teal ie Rea ies be aN ee RR 148 Augochlora 
Anobium PUTA A ee 112 
PUTUERLUMIDY 2 0220 Sika See oe Sees ad eae 148 SiT1Gl@ i 112 
Anopheles Aulacorthum 
TERE TET Rete a ee ON Pe BAR Pees ORE 26 solani ~ {on hn eee 132 
TUOCEACLES elec Bn ee cig eR Se 23-24 
TIO ee WES nc 2a 24, 26 BaSWoOrms > .....-0-6.- Ge 146 
DTV RE Ban OA aR ae te ea ec OR PRE oe RO 145 Bait 
BID PY Eon too Se pte 21 ied Me Die eR ER 23 poison-bran* 0.30.2... eee 5 
pL TELS TT ght tyes Rie 0 Re Aa Dinan ER Me Oe free 0 24 Bees 
J UECAS IR, 1) inioleed tae ae Motte esas a Rael 24 bumble: 22 32 104-107, 113-115, 129-130 
LETT ON 001 NOR Da rg sre 24-26 leaf-cuttine’ ¢ 3. 2.2 2 108-111, 114 
1GUTOUMCUIAE ce oe hte hs tA: gts aoe 23 Beetles 
REGIE TEC EM GER SS Sao Rasen Nae ee 26 asparagus)... eee 132 
THIS EPTAT ESE SE 32 ot IP le OS RS a 24-25 blister 2.2.0.2. eee 33; 122 
pseudopunctipennis 2.2... 24 bruchid. . 22.3332 ee 20 
df WET DTI COIS AI 2A bo ER 26 cadelle.../ ee eee 20, 149 
SACU OTOUL Sr hn otk abs ees 23, 26 carabid .- oa. 3 eee 33. 
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carpet ASA Cl UNCE | Sis ek ee lay eh agp ane Re 138 
oe aes oh ah ae A oe ee 146, 149 VESSETUE A Oe Sete TORT Sy 1 Nos a Sok Oe eee ee 138 
Ie AIRE Clasiee eel eee ke Rh ce eae 146, 149 DEACHINWIO! Ato ee Latcm Meat area eee ae 138 
CRSP O) YC Tas n aac A lee ea so Dee 148 POLAKO,” SECM Sag apne aoeng a Neen oe 134 
TUBE MEG Ea sa. te eR oe BRA, ae Atle ee 149 BAO MERE”. lie eehauasiea, agers: aus ate eee 49 
COlorado potato xia omer 133 TAS PDEULY /NCATICs 1 ciNi omees wanes on een 140 
GeWUISCC MOUS oto trees aelee oeset ce. Ay \3x8) RASOWErEY. TOO Scie kU ag tee eer Mal 
cucumber roundieaded, apple *tree 22.) ae 138 
SID O TEL Ls erate eat eR etek ere 133 SQUaShte Vine! . Siro. ar eerie 135 
SITY OSG Re ca na eed an eA oer eee 133 \ NC Y2 6 stearate ee IRE RNID ee Mb 148 
STE SICTG Fae ieee eee rer ee AQ) Wa) BNOO Glen se o"iy: edn ch Mea: Sie cod Wane tel am 148 
CLIPS SHOUT Spare ME te aa ce cee te ce eerane 149 Brachycolus 
eMOMCMMG NIMS es for 2 pa ibtoss ena. e Senne ate 20, 149 PTEGUC i ay, WAM Bt cot re tcc ea eae 127 
HSE sc hee ee ee eee 129 alee 33 Brachyrhinus 
COTTE “ARR Ge a a ene er eee 129 OMICS eee Wine deme tnee a RN ee 137-138 
[Nu G5 OY © SSR Nee ee ore a 139 SULGEULS te ntact cree ahd ees ae ee ene 137 
(SOE Oa Me ariel ha Seber eeicere 133 Bruchid 
(-LUIID STE See a aan a ee eet emer Pe 133 BSL AVS Nae iN A OP ak mM EER | 131 
‘WCGS ETE OMY O10) 2 0 ene ea eset se recto a 133 EUWGRUSOTACKIOUS | Dir phir rarer ee mene 131 
GIVES" OTE WG ea Ne ace ied aay AG terres enna ee 148 Budworm 
|STUIDVESUIS | 2. tee Aleem Nauge 12) DIRECEM IS RA eps ess ott ah et nen eee oe 139 
JEG Di@ °c ah ule ee Oe ed meee seas ree are reer 149 STOVE ie NEY AUN We Giese cee aimee 9-16 
NENptese tee aia BR Ble 125 Bugs 
TTTRS eae ea tae ed en es eee 125 ict igi aga ae eae one en a on in ae en 143 
(IGS 4, HEARS 2 eit a ere ence tenet ue 147 he Gis ees cle te rae a ead aa 24, 26, 143 
Ame SPOtted. 2 te oe: pee eT 147 oxeldiense teishit ca. Hues te Wee ee 46 
LLSUTG LTR 2 ae ee eer eee 147, 149 GING et ie Pua ea ee ee 127 
IVUeserG ANNAN 722 eS en ee hn neces fad Heniiey Se cat CMS a wh a Re a 127 
I DeNCMASs ene ee AER 136 CONENOSE Ite eee ee ee nae 25 
PONCE DOSU es 820.22 lo ok a edecguee ee wers7t Gs 148 JOE aY cae cas cease rave: Szotunteen ab 130, 134, 140 
GIL stn ck eS ete 20 LOU TINE he aces ee teeter 134, 142 
ELUISEST: COTO Rar hee eee 148-149 TAG WiCC ore. fara, tesa aks sen hee ch serene Tan 
saw-toothed grain .... .... .... 20, 148, 150 tarmished) jigs eels Ae win er 2 
SPIRE a nk! BE AO a 148 SPECe 3 te eet pie mak tel ea baer 130 
LDUTINT sah ape, NR em ae epee 149 SQUASH He aR pd ae AE ae oie Cao! 13! 
SIEGE GTE Ee eee ee ee ee 130 Bumiblebces sien Beet wae ee 104-107 
Billbug Buprestis 
NMAC MMe Ne Sr Sel cleat ca, oct aaetcowamalnuct week 130 GQUEG UL CHUL On ee ns 148 
PAM gc a2 a 2 WE Ae Nera Ua ee otek 130 Butterfly 
Blissus paIMCe ela Vo a nag OMe. eee 130 
LATER SC oA ag i coe Ca a rt nee ee 127 Byturus SG ENE A he perm Ne cade MNES abet ALM est ea A URE Oe Oa 141 
WIIG PIUCMONIS © (hice 5 Bho el Pe tan 127 
Bollworm 
GPEC or Oe, ls a he ae 129 CabbagewOums 132 
[EOI OS sa Ome Mende OC eer 104-107, 115, 130 BAN SVONEEGI Fi arc Mce ae torte cctes e 132, 142 
Gf NTIS Ii cls Ie RON tape eet ee 105-106 Calendra 
WUVCTIGONOVILTIL. 2 ee ee Re. 105-106 TIL GUUS tee VaR OO otra oA Reet Oh eee ane 130 
CET ROOULUS sis oe dn, uckascn dy baale eda ink 105-106 Calliephialtes 
UUAONGDUS A a NO as 106 COUMSLOCK UR cat crt k etn oe ee rope 55-58 
OREGNIS eet te 106, 129-130 Calligrapha 
CHD OMINUGIUS OM Ho vad ae Nin eee no 129 GOI OMNICH. GALUORMUCE. an ae ene 142 
EO CAUSE et PN 105-106, 129 Calliopsis 
CONSAMIS Wah Se Ne ae ost 106 CUUOMCTUIN ONIN Sel eH artes cee ae? 113 
PERUSCOCOU Sasori he OM ohh eee Ae ak ak 106 (COINS GT ROR TI EI ols Sar BAM gree rs wie or a DR 26 
DEPOT CNS tk et ys Cin eee ba oes 106-107 Callosobruchus 
(DER UA VISA NO rer Eten a Mae is! 106-107, 129 CILGTUCILS 1S Ghee ee Os, EMER OE Oe 149 
PULKOCUNCLUS 2 Oo: 106-107, 113, 129-130 Caloptenus 
5) EGC OURS AD SAAN ee oe et em 129-130 SDNGUUS er ek ue eee Ree 21-28, 34 
GCRMOTUUS © oe hee 106-107, 129-130 Camnula 
CPUC OLGA ay Sate Aaa 106-107, 129-130 DAULU CIO, ch tke esti ere 29-31, 33-34, 124 
UO OVS ag ss Nea eset We neta 104, 129 Cea POMOE USE rary te Se Seer eee 146 
UDZANS a PE ee iiee want ec 106-107 Campoplex 
TEXO GIR POyUIS Con ae mn re: Ur cn eee 146 UME OUIIS sere geet Reka oie cts: 55-58 
Borers GPUUDY Tf COLLATE cae ee Mee Re POE 55-58 
COLUMN INES 0256 8 ete cat a Sean es 142 Camptoprosopella 
OL Se ie est ql Sree te Re eae a eee 128 (DOIREGILIS. sade cc beSne ane area ee er apne: 131 
UM ATIE aN a a nee tice: A) a each ay 138 Campylomma 
LNT ge a eae UN ASC ca acme ba ated 148 DOTIDOGE ace. cose ees Anrep are C0 OF 140 
BAO PEA CONN is. oe A-One O Cankerworm 
FIGURE CORRS 2 eee he Mem eee a 138 TEU 35> scecdont ounces cen ee eee reso abot: 138 
IE eae Wale eae eerie ore ecorgr eaten 20 STOVE OTE sos centr a EE rnc 138 
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Capitophorus cOUlGEN ha 6 ee 122 
pucacfolii,}; Wile. Ie eee Senta eae wee 136 house (805. 2S 147 
OFMEVEON. 4, =u. ended ots 2 Me Te ae 136 Crioceris : 
Cardiophorus OS PArvagi se ne 132 
QRGLes” | Soe Ss. RUSS AO CS ER 126 duodecimpunctata —:,..242.4. 3 oe 132 
Carpophilus Cryptophagus © «2.0.0.0... Dose eee ee 148 
OIE NEDUS a tate Ae RS nt 74 Ctenicera 
Casebearer aeripennis 
BLE Regt ot baby ai eters weet Naste ana alae ears 137 QETIPENNS © a). 125 
RST aaa a ete Sa eR ee eee yk 137 destructor 33225.) 125-126 
PESLOUA SE hg Kee scat cet. tae tae set Od lobata 
* Caterpillar (OYSQHS.> _ a). nie. {hese tae 126 
ICAU (nie ak: See Wight, SRA genes Sebel tear eS - 128 Cienocephalides *......o. 23 144 
GloyerancaG: ene tk? ee eS ene aes 128 Culex 
BESthby se Suse ene aN eet Wek eee tetlees fete fatigans «0. c2.h 2 26 
TC INES Bf. aaa Mee tet ee Merten moet: dee ne ae 148 molesius. ©... <3) A244 26 
WESIOTIE pt esate sew a ie ily Wl oe 141 PIPIONS 5s 26 
PSD IEST aCe eee bates Sen LES Sek Ae 141 quinguefasciatus . 23.2, 2 24 
moto wmrmeckeds iS aie 2th NEG a 142 tarsalis’ 220.0 26 
AE ISIS Sed, SOR a Ue lite aioe CE 136 Culiseta 
Centipede NOTNALA — 0. Khe ee 145 
igierreere es Soar emt, ES Se le 147 ~Curculio 
Cephus apple: :....2)6..0. ee 137 
ET ERT ep eds, COG Uh, os A AEE SMR Pie 18d 131 plimat 42 Sie eee 39-40, 49, 137 
PaTOMIRIECHES TA eee 2 EI cn, AS ee OS Re 131 LOSE 7 2.40 ee 143 
EEIAO ASF CUNY 5 IM RIG a is eB ry ee oa 144 Chreahonidaée |. 2 a eee 91, 137-138 
CISCO! E: OLS SEARS S dope cenh ey ie See op eens Fema 147 Currantworm 
Chaetocnema ImTpOrted S55 ae Shas sede 138 
1 CVT) ERGY, aa ee ar Se Aa ee EE kes 129 Cutworms* 22.2.0.5.00.. 2 ee 130-131 
Chafer ALMY: ae 123 
ALS ame ie bse 5c 58 Gee geo esean 5 |e Beate ees BASIE ST ES 141 black >. ..3...5°2..5.3. eee 122-123 
Oe SUE PERRI G, WOR RD eR eRe Rc Be oo 141 fall’) Roe 123 
Chalcid bertha - 2). 5..2:20.. 122-123 
apptessced 10: cls ss nae: Ler 216-799. 136 blueberry 2.0. eee 136-137 
cle ISCO hi, 1 er ater aati Be es aa 128 climbime 2 c26 123 
EO OO IIS Ee. 5 Sk ee hr oe Sa lee et 145 Tedbacked 26222. eee 122-123 
RTO POTES Pee OPS My, SERIE eA ee reat 130 pale western .....)....522 8 122-123 
Chlamisus spotted 03.02 ee 123 
PEAR LTES VIZ? ean ADM, sity, teens Meee MaRS GEE tac E> 14] variegated } 1.2.2 ae 2423 
CR IRIEE DING 17) Si ea ace ese REEMA Er See, 130 w-marked © © ....2:.0.. 123 
Chlorobenzene-2, 4-disulphonic acid, 
OIA, Sih hon Sete Seats eee 68-70 Dacnusa 
RSIpy SOP AE fake Ae sot ee Ue a 142 Gracilis 2.20 3 58-61 
Gite IO Cs Se A ce ee er ta eek eae ces Bok 130 POSUGE. (G53 a st a 59 
PRT YSG PS) pec 8 cele LU, Aton iN ee Peat 145 Damsel-fly:. 222.0. Se 86-91 
Chrysoptera Delomegachile 
ORCL, te. Te ene nes, SMC te ee ees 123 frisida frigida <:.:. 525 See 111 
Cimex melanophaea melanophaea .................. 111 
PLLOSCHLAIS Fee ee a I) NS nace eee ao 143 Dermacentor 
Clistodon albipictus. >... 146 
PirGaee  Termnalis”® Coste ek 112 GNGETSONEG = on. .2e 145-146 
Miometme Mad ip MG Sot ene nee 142 Wariavilts ki... BS 146 
PE DUES Gah Saeed ee a rome dis rea eta oe. dees Bt 110 Dermanyssidae = .-:...:......... 4 eee 145 
Died (205 0) ES eS ene ENG e el Carek ate? Be 110 Digentsta 6. eee 128 
PaLigUTURS BLS EE 8 oe 2. 0 cahe Coaches ee, See ee ay 111 Dinoderus 
Masha ee rect! sR Ee a tie a ed 12 MAUNUEUS 3.0 148 
EON | EN C7) eight Coe Meee cee pee eee nets Wiener te 148 Diplotaxis 3) 0s2 2 125 
ETRE RTSONAGIMIES oe sy an MES wo, Sas ee nee aan Be eRe 147 Disease 
“GPSS TOE AT 1 lie, 2 anna Bam mina tree 26, 147 Chagas” ....2..4...085 
iriemibabr a rei 36 Skit Ne Gk aL 147 cholera) 2.020.)..0..4.54 4) 
Conotrachelus conjunctivitis 
TLGION PIMIT IR reas 2a Nios ge 2) ayn a ete ce 39 dysenteric Wy...) ee 
Copidosoma CYC tessa ee 
REL) PSU a as AR oe casa mie Medias 55, 57-58 filariasis ©. 2.:.).02-.05:%-10.2.- oe 
Cremastus fiy-borne be eS ee 
CAME CTT ULGIUOT D2 ced BeOS AK ccs act occ icbe nasa 8 55-58 FUNGUS 92st ees. Bee 
AeIgOTs tere Bere Pe LS. T ate 49-53 Kala-azar. 0 3.5. 2 
Crematogaster leishmaniasis 
DirCO Liye aN eae ee es Ao, sect 146 Malatia™....<.:. 2) ee 
CETTE 5, UR a ete eR tea aco ch saw ast 122, 147 Nagana © ':)1 5.0 ee ee ee 
AINE Ne reheat Ae endo ss oes Tes Be 147 onchocerciasis 
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SSL ea MS De a a BS aii apne RE 25 Hes Nie er i ae Ae eee 26, 144 
Pare SURG a a SG ed. abs ae nee 25+ 20 PRUUET ET tei BCR ID ake den bene Rea Re 147 
PIPUAOMUEV CL EGIS © © <oe2 cs, oasis rey. setumeerasacnnee 8 25 STASNOpper: Dee (2a. eae ee 33 
SPREE ECVED <i Koike. ts ah Re ns ae 24 BEESSI ANT iis. eee es ie eee ee 129 
PPLE SICKTCSS 8 Fiona cg S td hh 25 PROBUS Soa sid a ust ee ee 145 
RRC FATE NOGA “ios. fee eee hs ee eed LarSTy PERE Cee SC hey UE Auten He Gy a oer 23-26, 147 
Se PRUEINERT AS 68 no 80 RR a, a ets 25 ERTUREISSUS. DGD 7512 50 Os a 143 
TD LTS ot Rae eI ES tee a ie he ee 25 SARL OF ea ee tS. adn: Fi oaep oben net Cece eRe 26 
Ditylenchus SGEEW= WORM h.2Ce Dai ein eee 26 
MERE DOF a. 22 he LBL ek eR Taine 127 SEWAGE), Ro se, tl i a eee 147 
Drosophila Sit] 6) | cae RMR cit te et be MRA Daan. 3! S288 | 145 
MEARE 2 eo ts hte BL ves ds ee ghee 147 SVP emis es ee ior a) a 127 Aae 
Ea PANIC hier ae Se, 5 a nee 145 
ED Lio ORCL a ene ee ee po e  e 123 [SCESES 87 2c, cosa kt PURE A eer ea ee 25 
Earwig Formica 
LEC) G2 Eas Se re 123-124 ODSCUTUPOS I eB. ian gn ee 146 
Earworm Frankliniella 
LIT oe ee ee ee, 128-129, 133 PUG GETALS WSs Rie, See ea ee 141 
-Empusa Fruitworm 
1D yale aca EE eerie ee 33 HEUER Mea tna Aes Per ec aber ce re. 137 
Endrosis GLAND ELEY rus ioc ee ee 137 
ALE 1 ie Ra el a ee Pe 149 FASP DELL) 2523552 bp ee ie ee ee 141 
Eotetranychus Bini games vei 2s a ote docu cee ees, ee 20-22 
Meme DOTCUHS (i ae 37; 140 carbon: disulphide: ti it .chn epee 20 
MRGDEGLE eo ee chek 140, 143 carbon, ‘tetrachloride’ Ji ee 20 
(DEL TEL Ss See IO ar ree Reece 36, 143 BD tenon a, eee ore ee 79-82 
Ephestia etliylenesdibnromide ons..5: se wer 79-82 
POT ISTE LTS Co Bae Oe eee RP one 20 methyl bron dey... 6% ge te 20, 71-76 
Ephialtes Henini ca ti ng gtk eit, ee 20-22 
PUIPROMONS ees ae eS eee 55-58 SHRP ee ekg he cee eg ey ere 71-76 
Epiblema 
eee iw SS ye ES Sah DS seb Se: Gall 
Ab gee oan GH) STG MLE imei ae ned LS SECM ES cy. PRCA re 143 
[LET EME Sr a ay Re a a nL 122 . 
: Galleria 
[DEC UPTO Se a ee eR er Pee 122 IE 150 
Rpm MRED re Pe 50 2s 985k eS! 122 Mg AG ad tae Gan ig ew a ars eek » 
segs (GU OSSUMG I ESR Es ay | aCe aa rege eae 25 
[ESOT ON? CSD a RR See esa Basse te te 131 Gly pta 
Eriosoma | SKIUfISCUtCH AVIS. 26.0 ton ee ee 49, 51, 53-54 
TIRE FG eae oe Sp ee ee 136 Cea 
Ernobius Silas eee Fie 
: POUONIS. SENT SE het wh So a: MONS Pas 145 
on 5 IE © SEE Saat ae Sanaa ee a 2 eR 148 Cann bhior 
my Aihrene rraphipnora 
rythroneura - Qh 
"ee COMATUS POOR Ros Chis be ee a iG Te ened 137 
CRETE Ng Re Ue ee eae 143 See 
se ; STRCEPIE Sea oe Gre gs Naw Cafe ean 0, Bown cam 137 
Eucirrhoedia Gr 
. “ PoE DIL OULL INR ice. coat Ae Ree ode ck MOEN 138 
: ee Be seh ah we Sith a Lie gta ee Seas we, PAL poe 40, 48-55 
ale PMLA UN EE cy cece as ow Gre boner toe, Ue} 27.35. 124 
urostus Petts : oF 
<7 Rocky MoUMtAM, © 55 p Ase ee es ae 27-35 
[ha BSE eng (Seg Melee lea ante Se oe 149 anos 
ae FesSer IMIS TALLY 2x5. Se oe 30-31, 124 
urytoma =e : 
. oe Clear swiloed: = iin Saki wee 31, 124 
MCT COMES LON Cs Ed i cae Ce 36 2 eee 31. 194 
[Ee Se eee Pia Pe ee eee a 123 i eee Fike SoA CEN ae, vei Rae vid age 
2 ARE 17 Cae ee eee Rpt SEY lat se Rede Ie dee 137 a : an 
Ssoee 1 Du 1 eas Te ria Net i Beata EE? te ae er 2 142 
Evergestis eatite 144 
SIN STATIS ie Reo CO On ae ee ae Fis SIGE ar Meek, eae yk a aR eee eee Teng CO Bead : 
BRILMIUN US Poss SS ee eee 152 
Exartema Habrobregmus 
CCU TIEN Er AMS tS ne oe a 139 GENOME CG WS LU pete te OE ANI, 3 1 gle 148 
OCSEUMCLON Pe cea eee een Fae eee 148 
LPL GS D101 Bia Wren ee ch ore ae ee en Oia eee ere 149 PLD OGY CESS Pe 20 80 Ge BA Od San ts | cars ese 56 
Sate} 1s aa ae eae Hd Sea ae Ta ae 144 lag heeleae., 2s peter er ee Ke 112, 114 
en TECH Ay re NO Ree Ee AEN on SEE TA 144 Halictus 
LS Oi tne i Ieee Iwi RE en ene AO 26 GID SUIS PIER PEN Sod. Gece cbks een erate 112 
FREI ARI ses 2 ete a ane 26 POMC ICH era ee eis konto cane hen ae ee 112 
epreiital PA Sex ake stl ey ORNS 26 20 Haplothrips 
RRS BG rac a ee ee ee ee 23-27 HO INTE ok IE Gace Ea Ai ate es MS 142 
|S 1Gl Sead ae eee inane | ee Tee nncahy Vers ata 25, 144 Harmolita 
[LASS ae Calais Pe SO Gmc s. G48 8 rie Ba MPL ONE 3 aed 144 PETE TIE Sued eS IS SPE re 127 
AEHGED ELESES oy. oo tye eee 58-62, 132-133 Heliothis 
RiRCEEY: EPULE hs Aas, ect SERN MEE ek 137 ETO EAS coc See PE ae 01) 129 
BMISHET dass oe ho hee Sach Dees earn eee) 147 Helotropha 
GtibGAeles LEUMIG ect he Lee eae aie a ye 138 VG CRDE ROR OTTEE Icy cces st 128 


158 REPORT OF THE ENTOMOLOGICAL 


EMER CIROX ERS 7 PANN Sees AORN TNS, shi MO Nea 126 SrECHNOUSE Oe ee ee 142-143 
GUC MOG 70 TA scene ies ah Shea CO ve Ren ae 126 household e230... | es 146-148 
POSE OCNILCIIS IS teiceca tn ke ene RAO ea ie DROS 126 livestock .4). 020 en. ea ee 143-146 
SPUD CIEL UD ig ho Vey NDP NOES aa ene a ND 126 mill and feed warehouse 4... 6 149 

Hofmannophila ofnamental i 5/34... Ae ee 142-143 
SCUGOSPTELEUG . Ah. 5 Nek gece oni Lag SCA eM Me Sa eae eee Jie Les 

Homoeosoma stored? Sain s..2.:)...0.. see 16-22 
CLE CUCT INU un ieee ni A sae anie aR eRe MC 130 stored soroduct 16-22, 148-150 

PMOL OR CI CSR Ae Pak UNS LE eae ious Aran el Sed 130 sunflower). i... 130 
QUIN CTHMIS. a Oe aS 49-50, 52, 54-55 tobacco... eee 131 

_ Hornworm veretable 25.003, 131-136 
CODACCO, Peete Rn oat ccs cle Mine Tou lioplectis. io 56 

LOWMAGON ayes ie Ge aati ce eu meaaerd es 131, 136 CONGQUISLEOT oe. tc 56 
Hunter Ixodes 

TIA SIOCG 28s Ga Gea tid te oe ils ey Bol 147 PACUPICUS 0... i 146 
Hyaliodes ; 

TUG ROR aa ce Le ee Wi CEN etre eA 142 Jointworm 
PL LOCUS AOR ee eee, ee as MeL ea 113 barley ¢ i ae 127 
Hylemya 

GU CUREN OL rity CRN Us Sui a ey Siniael a ae aie a ee 135 Kleidotoma occ oe eee 59 

[HOUSE SRN 5 aeNk CPs OULA TI OE DL onda 135 

LUGAR BUCH OTIS. Tiel col at ee geek Gass 135 Laemo phloeus . 

Hy pera USCIS 2. om A ae oe aipetes sate oo 20 
PONT OS ETS) a ashen Soa. ake a one en, 128 Lariophagus 
POUNUGUUL Cine ie eee Asch iNet Ce aatae oh 128 GiStINGUCNAUS ©. 22.05.01 tee 149 

Hyphantria Lasioglassum : 

RCRGLO Weegee seen Be Ch ane needs homens 14] GLOIPENNe iF 2 
[ZEW PNONOUCAPHI UGE A ah x cesta Ne ne Sere eeteaen RET EP 144 GLNADASCENSE cli ee 12 
Hy polithus StuliUm Oo dk 112 

DOG UURTUS Metts i ores SN Nor, OB ea aaa 125-126 Lasius 
Hyssopus NIZE). NCONILEH ./. 2 146 

LDS pusaes eas Mmamin Peer aby Mae et uel Bie 556 Leathopperstce =. 129, V3 eioes ls Oemic ne 

bramble cco. eee 139 

Insecticides Clover hich ee 129 
JENS METUTAY eR erg ee A ea ani aa SOMA oll potato une coe el eee 129, ae. 
PINES SAN oe Maa ee et ig Mase am ned NC Mayes cl 26 LOSE) ess, Ao nieAacesi ea. anor 143 
ESCM Cree ee a aE ene t 30, 32, 150 Six-Spolted®<).).j< ee 129,134 
BHC .... 5, 21, 25-26, 67-68, 70, 79-82, 125 white apple... 139 
cannomendisuilplides ©. ie 8. Moe lke, 20 ECCONIWM 00s inc ye 4a 
canbom tetrachloride) (667 ae ae 20 Lepisma 
ehilondannies . 8. yep eee Zl 25-26: asia (eee S@CCNGTING. i A ee 148 
chloninated sbydrocarbons 2. 1.4... 26 Leptothrips 
DDE). Soci Aim samo are irae ge Mere Mem asee i 26 MAUL 142 
DD 2 lO 2232s 2 Oot. On Lestidae (2... ie 86-88 

48-54, 77-82,- 138-139, 141, 144 Lestes 

CA ZAIN TA Sis 18 ep ate AT Noe as eg 26 rectangularis i 2oh0 86-91 

CUCL TUINR N eat teen ceat ta cam che 25-26 TAGE ci ee oe a Se 145 

(GUTH OV eerie oh aa etal ace Nelo Ss aa ll 207 30S body.nee8 el 25-26 

LAW EG US Seats ee flaee hcrel Jael mace ERE re? 25 Cattle Avie Bagi 145 

lead@amsenates, (Aaya es eee 36, 38, 41-43 Chaba ee ee 145 

He STU PUR Cs tne yee cet 36, 42 Limonius 

Widen wc ite ee yes Cae aN 26 AZONUS lie oes ela ro M5 2 

AVANT Ny eM Pama BO eRe oe 26 CONUS Re chun genes 125 

MEEMOSV GION M235. 8 kha 26, 36, 40-41, 43 pectoralis: 2.00. ee 125 

DALE OE VALS 10) RO RAUICG Teppeiasgnte tc ee nts Oh cc NRliear a ces 20 Lebia 

imigonitne: stip hate |. avee We We ae oe 36 GEYLOENIUTIS i Dana pda Ce 130 

Organic phosphates 4 ia. 9s AQ), ILO) Liposcelis 

parathion ............ 21, 26, 41-42, 44, 49-54 QWINQlOTUUS. ss ee 146 

DATS WOME CIs Viol cs aes Me Mood es olla Lithocolletis 

PiIpecronyivcompounds::): lyst e Lee 25 malmalfoliella i) sae. re tee 139 

PAV AGeC MMIII: ites Maas tas liow.a hn mne breathe Ast, suate 26 Litomegachile 

PY AOA ge es eee Seb ol iuccme aoe soe 26 DIEUIS, #3. gh is 2 ae ee 109-110 

SIGUE ANG IPE A Bin OS er Aenea Aa AUS a Zo LENONG i005 8 DEK ae. iS eee 110 

TESANOUUA cant cuisnaie oh atte PRAM ERE RIOT ENED: teste? 45 Locust 

SOU Mra TSEMUUL CEM ey ate sae Ns erent 31 CLESOTE. 9 oi. inj plheee oR eae ga ee 3-8 

POM RPS a at a ee 26 Rocky; Mounitiain 309230 295 oe 27-35 

HOR APIECE Wem eM eer ne lee lions vane Set lly 73h Looper 

SILOM E GAN eTS BUG Sea eh a eM 31 cabbare 454.0 SNE 2 cere 132 
Insects Loxotropa 

WGA 0) OR esr Loken ee en eR creep 27-35 EY TEOINIG. 5 vine Teak aan a eee 58-61 

SLUT Uae R RR  oiel a epithe te ae 136-142 Ep (0) G6 RE RS MERE MN re oacore tlt, nscccce 148 
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Lycius 

OUGILGOMUS is Nestin shine ih nat druen neat aeetes Fes 148 
[LANG WIG <ALL 130-131, 140 

EMCEE UCR SCR ies NIST Rh ei ns HORE, Neo a MeO 134 

CROSS pee CAIRNE UM ENE SSA ACN ane 134 

NT AONOMIS Nes tra ky Cas Oy sank a ie 130, 134 
Lumbricus 

EETV ESET IST LO es Ge ee ere LE ema 123 
Macrocentrus 

CMAN OOU US 50.3, 0 ee cad ve ee a, 48-54, 130 

beh NEGUS ERR ee GS Tiber ie ps8 8 oe ene 49-54 
Macro psis 

[PSHE ULL? ee a Rg a lh 139 
WACO) DT igen Ae PRE Oe ER ee 13: 

UPAOSVCWUSUS: 2 0 URUL  d eles Senses ie Wi 132 

(DLS. 1. Pe ee ci ss HE mae te 64-70 

GMONOUUIN La A ee 132 
Maegdalis 

[2 CICS SINS E  en Pe ee nea ew E37 
Maggots 

MMOD TMCMMEEE NI PS cc aloo: hat ennalltialavavedh. deecants 136 

| SINVIST CS TEIOY oe ee eee er a eee a ane 136 

Cul ORIOLE I ey eee aN near EEA eee St 135 

BToisie SCC WOON yo ase ae 144 

GAMO “WOE ae ee ae ek ar SA ee ni ae Deen ain 134 

TAGDG, Ayala lel Lap NC ina ine ete Dea A ee 135 

SEAGATE ee ae Then easel 135 

SU OT CONIC TE NA, ae a le Nemo a er 130 

NAMUICMDN SUCHIN See yi Ot en 131 
Malacosoma 

NT CHL OMULUTTU SE eo ee De ea MEN ee 141 

LES SEHR eat Scr te Py aS a 14] 
Mange 

POMOC eke oats A en te rah nas 144 
AM UISU DS." ERs here AL OU DAPI ene 130 
Mealworm 

PEIN, I Gael ee Si ar 149 
Mealybug 

[3] OS. yr Sy dee Re Oa nee eee ee ee 136 
VG OMUIV CR eis ces sll. 108-111, 113-115, 129 

(Di CLUS 8 a regan Aenea mene 109-110 

GEMEUNLCUMATUS 2, ie ei Ncerae e W A 110 

JIU! © POTION 110-111 

DCAM See cece Fo G iN i EN a gare 110-111. 

GB UENE OUTED 5 a oo aie an 8 RA 108, 110-111 

melanophaea melanophaea .. 110-111, 129 

EOPIOCO DE CTUOLE Ae Dy ee oa. 110-111 

ONDE! SAG SRS SERIA Roe tes AR OAT bl 

EC SEOIDGL Pacis Sy ae Ra WSR Ea ARO Un as a Nl a 110 
Melanoplus 

DENOTES PURE SCSI, ea ee eee OP Pei BY 29 

MTEL UTES tte OA 29-31, 34, 124 

(EUAN ATT. a GRE: Vit tease at (i ara a  RI 124 

PUD RULO VLUNL ec erat i evn) aha. 30, 34, 124 

mMexicanus MeXICANUS ........ 29-31, 34, 124 

POGRGNG ME 3. se tau iN a Rad ae 29, 34, 124 

Sf CUCU TISEG, Res GAN yah oe: Detant se Ber aa eanL O 28-35 
LS CUCB LE SER OS NOLEN A Ee IMMER ott RGA 122 
Meloidogyne 

5 HUONG: Tei eepestly taes) ell Mauss cc aay S00 2a ah Pn a 127 

Metatetranychus 

VATE ON ee MEd OR ORR pee vee napa a at LT ae 35 
Miccotrogus 

MDUGINOSL TUS, <4: LA abs mee eee), en ea ae 91-101 
Midge 

GONEL-SCCGs = 8 Brin ie Soner ean nine eaann Fol 128 
Miner 

Neteiilenepee es, eR ated Ga Ok ee te, ern uae a i 139 

ri Ate ga Et OI RGe AROS elie oan eater «eg BVA 143 


spinach leat ........ 
strawberry crown 
IVAW Pecan aa ee: si 


Mite .. 49, 134, 139-140, 142-143, 145, 147, 


PUIG a hal ae LCoS ee tae ae Wk ens at cena 145 
Ciifekien wit eens we wee) ease ae 145 
CLOVE ee SR Os ee 37, 43, 140, 147 
CYVCVAMTCI A ION Ie nae, ae ee aaa 143 
BML pedi medy yg, irene lee: 35-43, 139, 142 
four-sSpopted (Spider 5.48 5 pce sae ae 140 
OM este ws Ne ci ae meee, ee i em ee 140 
FSA 9 ASA aa ote IE ROA PECL fh 351. 148 
NOCH SLOW, 5s cee eee ee 145 
RACiiC By. Pee RN 36-37, 40, 43, 140 
pedr deals bLISten ta 5) ascii as sean eee 140 
REXS ep Aue Ob apr Sh SEAN RAINE, OMI Gece BC. 33 
TELS fe ores ae Re tra, awe ge 37, 140 
TOMMALO. MUSSCE 2 eG a ee 134, 143 
two-spotted spider =... 35-44, 139-140) 143 
VELOW, SPIGCT Oy ates ee Di, Ap edeLO 
Monde s) esi hs sin Bates eee meena 130 
MOSGIUNCO: Rye stpo tare csgead leotard Deore 28-2 elie 
VElOW LEVEIe ro oe a gan thas eee 24 
Moth 
ANTI SOUNTOIS Sra Wy ea es te eee eels 20 
brown: WPOUSE fs ae ce ae a 149 
clothes 
CaASenn ales Os veh eee ee ee ar ae 146 
AVE] 0) OTe Ia eens once AMR Seraeg tardy ota a oe 146 
COUTTS ee Meike aete At Ges aaa ae 137 
diamond ack os ei ok enn Aes 132 
Europeans pine SMOOE ee. cy 2s tee 55-58 
eye spotted buds 2 ivr in co can ater 138 
CA Sa DERTY trce =, aad ely eae ier en eae 138 
Endian-medle sce eas ese en 20, 149 
Mediterraneam? oun sp eans | 20, 149 
Oniemtally fr ues ar ke ae 40, 48-55, 140 
Ped Ree hen Nea ote teas cle ie aN tty Oe Pet 
NUKES PH iere cayenne ecko t We ce leea abe eka ees 150 
SAUL I Us Scere ht reo obi es RANE Veal! aS, ead ln 142 
white-shouldered: house +3..3.7......2.8 149 
Musca 
CUSDUCTIUILQUUSEe her eee SL AS Apso, Seiya 147 
QOMCESEUCO Mena Bienen leeks ean ne See ap 26 
WUC OULOT ete eore etomee® Coe an ies ee ch Pate ne 26 
OUCUILGOS (OE cht. Oren Mee ac tases, aie ea Pe oa 26 
Myzus 
CU GTI UCKIUS Re OP ah avn crs Esha Ree 142 
PCORSICOCAN TE: AGC) a) aie ee ston ai ctor ale, aide Sea Re 132 
POTOSUSIE Sse chook re Mase Ne cote tls gmee ees 136 
Nematodes 
BOLMSIY ok a Mal isthe an nes nen ye sae 126 
OB ee AO ane cuter pea sd, Nee 126 
POUALO TOL aes Moher amen es ceed eee 127 
HOOCRIMO EN oer ete Ce oy Oem ee 127 
POOL TESIOME Bye tee nce chet cura eel 126 
SMOAT DECI A. vets meee saunas Se pennies 126 
Neolygus 
COMUMIUNIS, MOUASCOMENSUS Vo ne, sree 140 
Neopareophora 
EREVGG ae: hea he Raa eens ee eee em eee: 137 
Nitidula 
DD OLUTION 8 i Sr po Oe ep CE 147 
ING eNCInIGI Steak ter el ce ae ee 140 
INGO “COMMONS a reat sce clio ei etaas soaps 69 
Oberea 
OW PITS. | ck 5 Se a RE See 3 140 
Oedicarena 
QU G LITO so. cc RE 2 7 130-131 
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Olethreutidae As 6 ae ee Vee ee as 48 
Operophtera 
brumata _..... W, Asiatic oak ben dae he PTR Rl 142 
Orgilus 
GOSGUROLOW Bees eae ee De ey, 55-58 
Oryzaephilus 
SU UDIECTISIS fo) eto Made cee ee ea 20 
Octobius 
Ti AOU Oe Ns NAME Ae See eA eis Sock ane 146 
Pagicoerus 
PT OIRUQNES RR scarier te Be Gee no, Me lea am oa 20 
Pandemis 
LFILOUE Ree Ae CRE CO eat bra 139 
Paragopsis 
URE ONDA TUS URS yk hen Se lh acti ree. ae MOB Sco 134 
MLAT UT UOTIEI UES, © Eh. oN Beck oP Son age hw 127 
-Parcoblatta 
Pee OOBUGAN ime Net ney am, ony, 147 
uae pane: SS Moe iets, righ ce oR etter aa ape 140 
Pentarthrum 
ERG ROD LS Get RP ae ANC ie es eR eee a opr a 148 
EC REOSUG MOD CSA Set ie ed ae te hae 33 
IPE ERIN ee en RE ee ee A, CR ERE 26 
SEITE PAD I Men i RRR A G29 eS Ny Da ARC Se PP OREN a 144 
Phalonia 
IO SIC tie eR hs NAL donne dopa Seri nsambadk ts 130 
POD EOTIIES< Pate ee Br a ea 24-26 
Phlegethontius 
UEIAEE TIL GCULGLUS ETN WR NA wean 131 
OO SGE SATUS. at ie gg Ree sb et Beacon ae ey Nisa a 131 
LOMO ae ah os be) page ots ce Ste eh ae Tele et 26 
REGS SoS ORR ae pad MENG eh LONE ML 144 
IPSS AS 01 ASR Ne Ne Sian teh Anes a tne ch aE ey 140 
Phyllophaga 
iP LIROEL 5S eG tes Rae neg ORS eR 125 
Pel MWOUELON 6.6000 8... RBar ohet ee vee. POT ASS 
FNCTE FECT a eA R ETAL he UA heey. ln 133 
SETIOLATG ae AR UNE E Sem RTE hn eh tn tees 33 
Phytomyza 
GUN COUIC. 7. see SE Cor aati A aca Ole 142 
| PELE ESe C1 oO ea eae eat Paes Re OUR) Mae eee Hola 132 
iB A CCC eo een Oe RAR Ghee eceee en tae a 55, 57-58 
PU MOCO Ws ih il Mont tac steal eae hee Soa 55-58 
Plagiognathus 
BERS LANG TE A ee Sree ert See Seed 130 
SGU TUS oe cts etlns Sk tele Cae Ne ORRIN ot 130 
TORU IIELS 2 TIE NNN iL sted Me eee te 130 
Platybregmus 
TLGDI ITACHI SI fe STEN ak ie ee eee ee ee et 148 
Plodia 
BME CTBIDIETUGL CNG Foe. h 080d ene ga ZO des 
Plutella 
PIDIAGED IU TICMUIIS 2 i EAU og he ustubns once a uabeeh 132 
Polia 
1 LOT Gy SE MOSS OH A ae hee aOR aR PA RE eee bh) 
Pollination 
ZL ETL Te iene, Wise ae be MS SBE GAP ee A SO 101-118 
Pratylenchus 
PIC GTALDT Oa He iors Se) a told ss dpie nat boyele acne 126 
PR ILERT Seite Me FT ese Ss fost ong hes sapiens tancbroy 126 
Pristiphora 
DET HUA HOR TS LR Oe OOS eR eR TS 137 
VR OTIBLGE Ps :8. ies shat ene bi, deni Pebd temic Soe bon le 140 
ADH DTEF LF ee a P,P Eas eens Ea OR 137 
STG OSA Oe Re ee hese IS B= 62. 
PST TG REE Ree NT eo de SUSE e Btelearaacacysnssevesdbenae 53 
AS) ALGAE ORION oe a Oa a a Rr 106 
GSITEOTIOL. othe PERIL ee gles. eae ee 105 
ETUC INGS oe Weare MERE. fost zaceset ded toes 105 


Psocids) 05.35. ee 
Psychoda#.c3 ine a ag 
Psychodidae: 2.42 ek ae 
Psylla 

Pear SCI an eee 
Psylla 

PYTICONO oR a ied hee Boos: 
Psyllid 

potato, 2... a 
Ptilinus 
SS SUPLCONTIS 2c ee ieee 
PE TAUS 84 ahs ee coi | og eas 

FUL Tapene sere eons eee pebges (ONE Ree ee 

OCOLLUS. 0:4. Hite sa03-e ee 

TEPbOY oo os bi Dione 1 dle 

EC CUUS 3. oye 508. Sadan ee er 
Piuluinavia; 35.68... 5 oe 
Pyralidid@é ~¢. 2.3.5. J3e oe 
Pyrausta 

niubilalis 3. 2 a 
Reticulitermes 

flavipes. 226i) ee 
Rhagoletis 

CINGULALA a ee ee 

fasta: 20 eee 
Rhopalosiphum 
Morey Padi? 0. ic a ae 

prunifoliae, | ...55.5..) 00 
Rhyacionia 

buoliana” 00. ie oe 
Rhynchagrotis 

CUPIda tl ee 137 
Rhyzopertha 

GOMINMGS. AP ee ysieted 
Rodenticide 

Wrartariir (0: ay. 4. ct Seen AN a a 21 
Leaf roller. 306).06..0 a 

fruit trees ac 139 

sray-banded. )°)..1..:45 2a ee 139 

oblique-banded nh sce ae eld ee ae 139 

red-banded) 3735 a eee 139 

Strawberry > (2.30.00 hae nee 139 

three-lined: | o..2 sack, Ae eee 139 

white-triangle® ”.<.....8. 31.00) iene 139 
Sarcophaga 

GATICHU iio a hie 148 

eitellivera. oo) a 144 
Sally a ae a 140 

blueberry” 0s... 40.7 13% 

LASPDELLY UL oak 141 

witeat) Sten (2::).05..3.6),.2, Cae 131 
Sayapis 

pugnata -pugnata—:...... ey eee 111 
Scale ; 

cottony ' peach? 55 kee ee Be wedliat | 

European fnuit)....eic(4....e ee 141 

European. fruit lecantumy +442 ee 141 

juniper 2.00.1. hee ee 143 

oystershelipy i. 26... 3! 4: cower 141, 143 

LOSE foros ake ere oni er 143 

Sai [OSE ais Pe lean ete ee Lay ao 

terrapin. .032.0.. Se ae 143 
SCambus hispae \ 3. lake Moe ee ee 56 
Sseclio calaptent i. Ne ieee oa 
Schistocerca 

OTEGATIO Ae is 5 ae 3 

PAVONENSIS: 0 Serge ee ee 3. 
ScoOlytldde «02 Wied pete eee eee eee 20 
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SATU SY EAST Bigg 2g ca at la es Rea ake nam 148 
Simulium 
PMMIGREGHINTE Ne che ree ek ee Nee, . 144 
PEMIRTOSTHATE ue Re ate RE eS ea 25 
MEURCLOMGLE ne ci er a ee te 144 
PRCT) OAS I RES Sate ee i ean 25 
CMOPUSUPLT Lon eet ese Nee VL eta ae EN ak 144 
MEMEBERS I Pree or i eal kak on eae . 144 
SLES YN LZ TR a eae en ee ere os 148 
Sitona 
OOS ONC ae tiae ei ana anO bee sees . 128 
OEE EAT. SSR a ele iO eti NE e LAS 
UEP 0 URE SIGE Sess oe ne Mee es Gan inet 128 
Sitophilus 
PUM AN a Sc VR os sap ACE ge SRT onan 20 
PUI eo PON Us ey Mein elite tees 20 
Sitotroga 
ESRI OE ne te og oa 20 
SEEES. 1 co et er ge 135 
SLE Ey eS a OR eee Pe 146 
NOaUGIILO RG ot ee) ee 88 
Spaelotis 
ae Ei PEG eS em gc QO ee a Spal SY; 
Spider 
PRIIGRSWECLOW. essa ees 144 
Spittlebug 
EF ETH DUNE LS SG A ee ag 130 
SSIES USITS eRe. eae ane eatery eee Ones eee eres 135 
Stephanopachys 
RSE RIMEU Ge oe ee SO 148 
STON ES ae 8 Se ea ere ea ee Sear 68 
SUELO UT ES, PSS oe gl EO erg 68 
“os Sy CCA ORES oe ee RRR ee eg 88 
NOTA PRE  CPEGOCN. 2. koi ss he nS 136-137 
Systena 
DRUIDS RE ec Ne eg AS ee 129 
Systoechus 
7 UWGEE TOUR SE SSG ge ER oe Pe an ee 33 
TP YEAS FO: TRS ONES Sl a cE 145 
Tenebroides 
RAPRUME DE INERTAG EES. 8 ees eae teeta tasxSeR A. 20 
PINCUS ete esc oss eee aaa 148 
Tetranychus 
GE TEILIGTU REDE LES Rs Ae Ses ae ee a . 35 
Tetrastichus 
PRU EONITRETR ERR on ere ee a cs ies te . 55-58 
Thaumatomyia 
CECH DIRE Sas pees 280g aR ede er ae 127 
WUC RG BPTOChETt oko cin a. ea? 
‘TCLDENS OSS SSS aie eo (ene 131, 141-143 
STOUIOUUS, ec Ae an. eer alg 
POM ees oe ae: 82-86, 134, 143 
Thrips 
PLO AGE ee a eee ee ie rh es 82-86 
Wi techn: (oes rt ee ee kere ils a 145-146 
BPUTOSE) Cale? Sie eat. ate a Pe ate 146 
Tier 
Gelelay leak ess nace ae 133 
SHORURICHORE cot ee ee es ee 55 
Tortrix 
C1870 SUR neces ate Game dearer 139 
Torymus 
PUPAL UMN A Va aes Mike erecta 76-79 


Trachy phloeus 

BUFGOIOLGTUS. CNS ok Bo ek Oe a eae oe 136 
Treehopper 

Prutibalow cikses ee ee 7 te ieee ee 139 
TTADEO TE A CUS en et Ont ee aes 25 

URUROSUGIES oti ree ste. Nc ea Ue ee 26 
Tribolium 

COSTONCHTE ics ee oak ee 20 

COTE PULS UTD 5 5 acne cca Mh cant Oy eRe sn NO 20 

QESETUECEO H.R iO Ee Ne 149 
PIACTIO GOTUSS Ye ee 127 
EG OCOD CPI Re oe eae Nant Once aa te 149 
PROMLOVO UTE or Ris Sek et ine ee 33 
Try popitys 

SEV ICOUS oe 2 a SAS OE Se age OE ta eae 148 
Tychius 

PUCK OSUT USES ee ks a ae ee I 91-101 

SES /PRCMS IONE eae heey oe ee 91, 128 
Tylenchorhynchus 

GLOW EONS OO oe Te ce dk oh ar een 127 
Typhaea 

SECT COREE he Ce PS eo a: 149 
Typhlocyba 

LENRETUATIUG ore apes oo 139 
IE PRT OG TOPS oN coe er cess se 140, 142 
VESPUL GE Sears cna ce La cae ete ae Race eo 146 

MELEE VOLE. Dae ak ee oe eae 146 

CULO OTT Sig MAN Me ie a Gee 146 
WAS PS i Se cl NS Dee oe tea 146 
Webworntintatech si G oe ea ee er 141 

| BSE] Pe ai GRO gt ae Ra eee ope ASA NS t etuy Rr ee 122 

PRUSTNL Pesto etae iat, eee ae en oe ee 147 
AVG e Vial Shs tie hate tee ee an eras te Sane Merc 21 

Gan eee aye ee eta ee oe 149 

black swine iy. 6 ie ee ess 142, 147 

€aibbages SCCUDOGi cea. ares are eiee 136 

CIOWEI ee a eae SING as 128 

COVER SeeGi ewe ee 91-101 

COW Pato eae ts tosann ge eae ei ce 149 

BLATALY eee, ova eeceeees ee en antes 20, 149 

CON sa ei ee Te ee PAR oy 20, 149 

TOO ee aie co RE au ON inet 137-138 

SHAW DET Vs Moe eck Seamer argue ae Seay 

SIVECECIOVEE: (2s o eae nas oe a luna 128 
Whitefly 

PECCIHNOUSG Soh ke rite eae eres 142 
Wireworms .......... Ree roe 79-82, 125-126 

CaStenik> Mel ek seg eee en ete ee 79-82 
Wohlfahrtia 

OPED ists Recs ae ee ea 144 

ROR SE ok oe nde Seas SORE a Ct oe Re 144 
Xanthosarus 

UTELRULTOUS SO Re ea age aes ee Reet TS id 5 
Xyletinus 

PD CNTAIAES A. hai ec A Na ase Oe Lea oge ee 148 
Xylotrechus 

RETUCL ILIA UTS ee Pon Cee VU a oe opens 148 
Nylylene compounds 2/2. ..i ke an 70 — 
Zootermopsis 

CIP OVESTAG ONES ee SS E82 iit sentra 148 
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